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15> footeandles is about to be transformed. First step was to first Photo-Metric channel at the 
repamt if lheht colores for better reflectance. Now follow the front of the room 


succeeding steps, which were all accomplished in 4 hours 


ie 


‘ 
'_- 7 
chan After channels are mounted, wir- After existing electrical outlet is 


The second Photo-Metric é 
nel is in place and conduit spacer ing from terminal blocks through . oe lamps are inserted and 


This 27-vear old classroom which has an illumination level of 2? Step two was the mounting of the 
£ 


pn Bo spacers is completed tested by being turned on. 


> 
6.6 


has been que kiy installed 


through diffuser channel, and held 


assembled together lo complete 
at ends by spring clamp. 


assembled on floor, ready fora 
the diffuser grvd 


Diffuser frame and spacer bar are 7 Adjoining diffuser frames are W akon diffusers are unrolled, pulled 


ing in heok-on points at « 


with 
WAKEFIELD PHOTO-METRICS 


W rite for the booklet, Wakefield Lighting 


As Flexible As Your Classrooms. 


THE WAKEFIELD COMPANY 
Ohio 


Vermilion 


7 A 
WAKEFIELD LIGHTING LIMITED 


A complete diffuser installed, high lewel Uhamimation pro- 
i | London Ontario 
vieled, excessive brightness ratios reduced, ceiling cracks 


amd surface wiring covered, and a visual environment de- 


signed for learning gamed all in four hours installation time. 





Slimline lead-lag ballasts 


save maintenance dollars at 


Marquette University 


School officials in charge of operating 37 buildings mak- 
ing up beautiful Marquette University had this to say 
about slimline lead-lag ballasts 

“We use lighting fixtures that are equipped with 
slimline lead-lag ballasts (rather than the series type) 
because our maintenance people can tell at a glance 
which lamp is burned out. There is no wasted time test- 
ing each lamp to be sure we are not discarding good 
usable lamps. With slimline /ead-lag ballasts, when 
one lamp fails the other operates at full output. 
There can be no mistaking which lamp is burned 





out. This adds up to a substantial savings in lamp 
replacement cost without unnecessary loss of light.” 

Another actual case history where slimline dead-lag 
ballasts cut maintenance costs, cut wasted power, and 
assure independent lamp operation. And the slightly 
higher price of lead-lag equipment soon paid off in lower 
maintenance costs. Show your customers h_ w they can 
get real savings with Westinghouse slim..a¢c lead-lag 
ballasts. Get all the facts from your handy Westinghouse 
representative. Or write, Westinghouse Electric Corpora 


tion, Lighting Division, Edgewater Park ,Cleveland,Ohio 
jos 5 


you can 6€ SURE...i¢ is 


Westinghouse 
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134%" x Wie x 2% ; eee 
Mounting Length 13% ++4ottt 
Weight 13.7 pounds 
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Accommodates a variety 
of glass lenses or a 
patterned louver 


These new Curtis square recessed units 
are efficient downlights for accent, sup 
plementary and general lighting in resi 
dential and commercial areas. Both 
flange and flush types can be recessed 
into a 12” opening in any type new or 
old ceiling construction, by means of 
special Curtis mounting support brackets 
Curtis square recessed units have a new 
patented* door and frame construction 
The door is a die-casting of light metal 
finished either baked white enamel or 
heavy chrome plate. The hinges ore 
completely concealed and no screws, 
catches or fasteners are used to close 
the door, or detract from the appearance 
of the frame. 


The ovter housing is of heavy gauge, 
steel finish, baked black enamel. The 
contour and design of the reflector di 
rects the maximum amount of light 
through the lens. It is specular finished 
Alzak Aluminum after forming 


All units are listed by Underwriters’ Lab 
oratories, inc. for installation singly, in 
groups or patterns. Write for descriptive 
literature. Serial No, 2433. 


*PAT. Me. 7.7" 440 


BURNT 


LIGHTING, INC. 


6135 W. 65TH STREET 
CHICAGO 36, ILLINOIS 


CURTIS 
SQUARE RECESSED 
INCANDESCENT SERIES 


For 100, 150, 200 and 300 Watt 
Lamps, with flush or flange type 
hinged door construction 








Simple adjustment centers 
light source of various lamps 












































FOR 150 WATT LAMP 
Assemble the mount- 
ing plete with drawn 
side toward inside of 
housing with the 


poe Bm ok 


pom mg teowerd 
the thside of the 
hevsing with the 
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Views and Opinions 


The Illuminating Engineer 
And Jules Verne 


ON THE FIFTIETH anniversary of the death of 
Jules Verne, this year, it was reported that the 
pioneer of science fiction made thirteen inspired 
guesses about the future and got ten of them right. 

He forecast the airplane, the submarine, the 
helicopter, long range artillery, talking pictures, 


plastics, television, remote control, the atomic 
bomb, and a voyage around the world in 80 days 
Of his other three forecasts, interplanetary flight 
is on the way and artificial satellites are being 
planned, but no one has yet attempted to burrow 
to the center of the earth 

In “Twenty Thousand Leagues under the Sea,” 
the illuminating engineer discovers that Jules 
Verne also invented the electric translucent ceiling 
This adds one more inspired guess about the future 
which came out right. His prediction of the electric 
ceiling is all the more remarkable when we recall 
that “Twenty Thousand Leagues under the Sea” 
was published in 1869, ten years before Edison de 
veloped his first practical electrical lamp, and nin 
years before the first successful open are 

Electricity, which plays such an important part 
in the operation of the fictional submarine Nautilus 
was at that time still one of the laboratory curiosi 
ties. Indeed, Paris had just seen her first gas street 
light 
able to equal the facility with which Captain Nemo 


Only just now have atomic scientists been 


derived the energy to provide propulsion for his 
submarine 
rightly named in 1954 “The Nautilus.” 

A description of the lighting in the original 
(1869 


Our Navy’s modern counterpart was 


Nautilus starts with Monsieur Aronnax on 
his entry into the submarine. “I followed Captain 
Nemo; 
door, I found myself in a kind of passage lighted 
I then 
entered a dining room, decorated and furnished in 
The plate on the table sparkled in 


the rays which the /uminous ceiling shed around 


and as soon as I had passed through th 
by electricity, similar to the waist of a ship 
severe taste. 


while the light was tempered and softened by ex 


quisite paintings.” 


JUNE 1955 


Monsieur Aronnax must have been greatly im 
pressed by the lighting of the Nautilus for he con 
“The elec 
tric light flooded everything; it was shed from four 


tinues with a description of the library 


unpolished globes half sunk in the volutes of the 
ceiling. 1 looked with real admiration at this room, 
so ingeniously fitted up, and I could searcely be 
lieve my eyes.’ 

Continuing, his description of the next room 
should still be highly satisfactory to a 1955 lighting 
specialist: “Captain Nemo opened a door and | 
passed into an immense drawing room splendidly 
lighted 


long, eighteen wide, and fifteen high 


It was a vast four-sided room thirty feet 
A luminous 
ceiling decorated with light arabesques, shed a soft 
clear light over all the marvels accumulated in this 
museum. For it was in fact a museum, in which 
an intelligent and prodigal hand had gathered all 
the treasures of nature and art.’ 

For an illuminating engineer with a power com 
pany, it is interesting to note how the Nautilus 
relied upon electricity for the services on board 


aon 
I he re 


which conforms to every use 


Captain Nemo said is a powerful agent 


obedient rapid PASS 


and reigns supreme on board my vessel. Every 
It lights it, warms it 


This 


thing is done by means of it 

and is the soul of my mechanical apparatus 

agent is electricity 
“Electricity?” I (M 
“Yes, sir.” 
“Nevertheless 


rapidity of movement 


Aronnax) cried in surprise 


Captain, you possess an extrem 
which does not agree with 
the power of electricity. Until now, its dynamic 
force has remained under restraint, and has only 
been able to produce a small amount of power.’ 
“Professor,” said Captain Nemo, “my electricity 
is not everybody’s. You know what sea-water is 


composed of In a thousand grammes are found 


964% per cent of water, and about 2%4 per cent of 
chloride ot 


chlorides of magnesium and of potassium, bromide 


odium; then, in a smaller quantity 


of magnesium, sulphate of magnesia, sulphate and 
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earbonate of lime. You see, then. that chloride of 


sodium forms a large part of it. So it is this sodium 
that | extract from sea-water, and of which I com 
| owe all to the Ocean 


pore my ingredic nts if pro 


duces electricity, and electricity gives heat, light 
motion, and, in a word, life to the Nautilus.” 
Jules Verne also recognized the ecaprice and 
vagaries of daylight, and our daylighting engi 
neers, even today, would agree with the following 
“If electricity does not furnish me with air to 
breathe, it works at least the powerful pumps that 
are stored in spacious reservoirs, and which enable 
me to prolong at need, and as long as I will, my 
stay in the depths of the sea. It gives a uniform 
and unintermittent light, which the sun does not.” 
Industrial lighting is also thought of (perhaps 


| 


with its 35 per cent upward component?) for 
Verne continues: “A door opened, and I found 
myself in the compartment where Captain Nemo 
had arranged his locomotive machinery. This en 
gine room, clearly lighted, did not measure less 
than sixty-five feet in length. It was divided into 
two parts; the first contained the materials for 
producing electricity, and the second the machin 
ery that connected it with the serew.” 

And as if to predict the dimming of fluorescent 
lamps with which Captain Nemo (may have) illu 
minated the juminous ceilings, he writes of how the 
Nautilus was allowed to sink to an unusual depth 
“Some minutes later it stopped at a depth of more 


than 420 fathoms. resting on the ground The 


luminous ceiling was darkened, then the panels 
were opened, and through the glass I saw the sea 
brilliantly illuminated by the rays of our lantern 
for at least a mile round us.” 

In the last dramatic chapter of “Twenty Thous 
and Leagues under the Sea,” Jules Verne again 


uses light to add suspense to his story: “The panels 


had closed on this dreadful vision, but light had 
not returned to the salon; all was silence and 
darkness within the Nautilus. ... At eleven the 
electric light reappeared I passed into the saloon 
It was deserted. I consulted the different instru- 
ments.” 

This article is being written but a few miles from 
the birthplace of Thomas Alva Edison, and, of 
course, this tribute to Jules Verne in no way de- 


His “Edi- 


son effect” was a forerunner of the modern fluores- 


tracts from the great inventor’s luster 


cent lamp 
Jules Verne was a novelist who wrote about the 

future potentials of electric lighting; Edison was 
the inventor in the laboratory who carried these 
things out. This bears out what Verne said in his 
old age: “What one man can imagine another man 
ean do.” The world is a better place to live in 
because of their endeavors in literature and inven- 
tion 

T. D. WAKEFIELD 

Vice-President 


The FP. Ww W ake fie ld Brass Co . 
Ve rmilion, Ohio 





ing Job” 


tion spot 





MMIL.J to IES members means “My Most Interesting Light 
the annual contest, sponsored by the Lighting Serv 
ice Committee, in the Sections and Chapters, in the Regions, 
and at the National Technical Conference of the Society 

To identify those interesting installations as entries in the 
1955 contests, the insignia above 
for articles in IE which had their origin as My Most 
Interesting Lighting Jobs in this year’s competitions, such as 
those on pages 314 and 317 

The Lighting Service Committee is under the chairmanship 
of Lee Tayler: committee members are William T 


Hildebrand 


has been devised as a “recogni 


this issue 


Clark and 
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INSTALLATION AT DAIRYLAND POWER COOPERATIVE, LACROSSE, WISCONSIN. 


Lighting a Conference Room 


LIGHTING OBJECTIVE: To provide 100 footeandles of comfortable general illumination in a board 


of directors’ room 


GENERAL INFORMATION: The board of directors’ room in this new office building measure 


36 feet 2 inches by 40 feet 3 inches by 8 feet 5% inches and is decorated as follows 
RI 
rold 


0 with gold interwea 


ibber tile 











Lighting a Conference Room (Continued) 
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INSTALLATION: Fig. 2 shows the location of all lighting equipment. The large square units are 
Garcy #7895/6 4 foot x 4 foot recessed troffers with egg-crate louvers; each contains six 40-watt 
white rapid start fluorescent lamps and three 2-lamp lead-lag ballasts. The continuous row units 
are Westinghouse #1569675 Type TU-SOWR with prismatic glass covers: each contains two 40- 
watt white rapid start lamps and one lead-lag ballast 

Average maintained illumination on the main table top is 109 footcandles, with 103 foot- 
candles at the center of the room. The lowest illumination measured on a corner table, is 90 foot- 


eandles. Brightnesses are as follows 


Walls 
North (wallpaper tl ft-L 
South (plaster 7 ft-L 
West (plaster 1 ft-L 
Fast (wallpaper Ll ft-L 
plaster 0 ft-L 
Draperies 14 ft-L 
Floor 8 ft-L 
Table toy i4 ft-L 
Doors 18 ft-L 
Ceiling 16-19 ft-L 


Luminaires 


Row unite 
at ie 10 ft-L 
ut 27 438 ft-L 
Square 
it 0 250 ft-I 
t 75 ft-I 


Lighting engineer: Cliff Ryan of the Dairyland Power Cooperative; architect: William 
Ingemann and Assoc., St. Paul, Minn. 


Lighting data submitted by Robert L. Allen, Division Engineer, Westinghouse Lamp 
Division, Minneapolis, Minn., as an illustration of good lighting practice and to 
aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 


Series XX 6-55 





Solution to the lighting problem of 
St. Matthew's Lutheran Church, 
New Orleans, is unconventional. 
Like the architectural design of 
the building itself, however, it is 





in keeping with the 


Dignity and Warmth 
For a Church Interior 


By GEORGE C. SCHROEDER, JR. 


ROBABLY the most extreme feature of this This is no traditional cove We do not light a 
church design was its total building budget narrow band of ceiling or attempt to light a 





$55.000 including the lighting. Nevertheless, wider band at an inefficient grazing angle. In our 
it was the aim of the lighting plan to previde un cove we have placed 150-watt PAR-38 flood lamps 
obtrusive illumination, in keeping with both the in adjustable aluminum holders mounted on No 
budget and the dignity, reverence and warmth of 3000 series wiremold so that the lights in the cove 
the interior on one side of the church light the acoustic tile 
Cove lighting is, of course, conventional enough ceiling on the opposite side in crossfire fashion 
in a manner of speaking, though often hardly in This produces a uniformly lighted ceiling as well as 
expensive. This cove lighting system, however, cds a uniform distribution of light at pew level 
parts from convention considerably. Further, in Architectural design of the church did not pet 
its execution it was quite inexpensive and very mit the coves to be continuous into the chancel o1 
efficient as well. It accomplishes the aims of good into the baleony, so the whole problem was not as 
ehureh lighting. and at the same tim provides “a yet solved In order to keep the lighting on the 
very respectable 13 footcandles on the pews ceiling over the baleony at the same level as the 
ceiling over the nave, adjustable hooded fixtures 
AuTaHon: Design Engineer { ouls N. Goodman and Assseciates were installed on the walls 
Consulting Electrical Engineers P Orieanas, La ARCHITROTS 
'reyfous, Seiferth and Gibert, New Orleans, La In the baleony the lighting has a two-fold pur- 
JUNE 1955 Ingnity and Warmth for a Church Interior—-Schroeder 269 





the other side. These roundels add warmth to the 
aluminum crucifix and the use of two colors serves 
to bring out the three-dimensijional value of the 
sculpture without producing harsh or unnatural 


shadows 


MES 1-9 Summary 
CENTERS re 

(\weomart p A. The lighting was within the budget 

s 


FLOOO l. Wiring costs were held to a minimum 


4 ¥ ‘ : 
“yj ASBESTOS» LINING y 2. The total cost of fixtures and lamps to light 
- Wri scum , . ~ 
— ’ . os the Nave, Chancel and balcony was only $297 00 


less than six-tenths of one per cent ol! the total 
cost of the project 
The job is efficient because 


l. The main reflecting surface is white 


PAR-38 floods in adjustable aluminum holders are mounted 2. No sper ial lens or reflectors are nec ssary 


© that lights in cove on one side of the church light the There n laré 
‘re is no glare 
celling on opposite side, in cross-fire fashion 
The maintenance is simple because 


1. The lens part of the lamp is almost vertical. 

2. The fixtures are easily accessible for re- 
es p lamping 

norma! use, our of the Extures 3. As is common to PAR lamp installations, 


new refl 


time clock to light the rear sec 
ectors and lenses are obtained with each 
h at night, thus silhouetting the 
new lamp 
hurch exterior, a pleasing sight 
Architectural features are enhanced since 


hI 1. Building features are accentuated at night. 
offeres the greatest problem , ; 
p 2. Third dimension effect of crucifix at altar 
the walls, as were used in the 
adds to the seulpture 
tractio 


In practice succeeds in the aims of good 


hurch lighting drawing immediate attention to 
the altar, and providing uniform illumination 


without distraction from either fixtures or deep 


hadows. Further, it pleases the architects and the 


ongregation, and stands at a landmark to those 


who pass at night 


Time-clock controls lighting in balcony to 
silhouette the large cross on the church 
exterior, producing this effect at night. 
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Color and Seeing 


HILE ; 


quantity and distribution of light neces 


great deal is known about the 


sary for efficient and comfortable visual 
performance, not very much is known about the 
effects of color. or spe tral ener ry distribution of 
light sources, as they affect vision. The problems 
center not so much in the nature or specification of 
sources of light as in the peculiar and intricate 
nature of the visual mechanism. How to combine a 
given type of illuminant with the visual mecha 
nism to yield optimal visual functioning requires 
consideration of many factors which enter into any 
given set of conditions in which the eyes are th 
Although the 


criteria for assessing the adequacy of light sources 


primary determiners of behavior 


are not very numerous, ¢.g., color rendition, visual 
acuity, comfort and efficiency of vision, the number 
of visual functions by which they may be evaluated 
is extremely large. Many studies have been made 
of various visual functions with lights of different 
spectral energy distributions but it is difficult, if 
not impossible, to draw conclusions from them be 
cause of the conflicting results. Failure of equally 
competent investigators to obtain consistent results 


regarding the effects of illuminant colors on visual 
function springs in large part from the failure to 
recognize and take into account important factors 
in the viewing situation and in the nature of the 
visual mechanism which may influence the results 
It is the purpose of this paper to clarify some of 
the possible sources of variance among different 
investigators and to indicate what may or may not 


be done with respect to them 


Individua! Differences in Color Vision 


It is common practice to speak of “the color” of 
light sources as well as of objects as if colors were 
as constant as hardness or weight of objects and 
then to assume that “the color” of the source were 
the same for everyone. While the majority of indi 
viduals with normal color vision will agree within 
fairly narrow limits on what “the color” of an 


object is under specific conditions of viewing at 


A paper presented at the National Technical Conference of the 
Illuminating Engineering Sociect September 13-17, 1954, Atlanti 
City, N. J. Aurnor: The University of Texas, Austin, Texas 


JuNe 1955 


By HARRY HELSON 


least 25 pe r cent of the population see object colors 
quite differently from the majority as shown by the 
data in Table I 


observers highly trained in reporting the exact hue 


The data are from 16 “normal” 


of colored papers. The papers were viewed under 
Palo daylight 
and consisted of 15 standard Munsell chips 
From Table I it 


is seen that while about 75 per cent of the observers 


illumination against a gray sur 
round 
representing six different hues 
reported the same hue for a given sample, the 
other observers reported different hues, some seeing 
a component to one side of the predominant hu 
others seeing the component on the other side of 
the main hue. Thus R 3/7 which was reported as 
unitary (pure) red by 12 of the 16 observers was 
seen as a yellowish-red by three observers and as a 
bluish-red by one observer. Similarly, G 3/4, which 
was reported as unitary green by 11 observers, was 
seen as a vellowish-green by two observers and as 
a bluish-green by three observers. In the case of 
P 3/6 the 16 observers divided about equally into 
three groups of which one group saw equal 
amounts of red and blue in the “purple,” the se 
ond group saw more blue than red in the color 


and the third group saw more red than blue in the 


TABLE I.—-Hues of 18 Munsell Colors as Reported 
in Palo Daylight Dlumination by 16 Observers 


(Letters indicate hues as follows: red, R; yellow, Y; 
green, G; blue, B; purple, P; achromatic, A. Small letters 
indicate minor components such as yellowish-red, yR.) 


(Prom H. Helson, Amer. J. Pevehol., 32, 406, 1939) 
Samples R yR RY *¥ Y eY YC yO GC bC BC eB 8B rB RB DR A 


kK 
K 


He lson 
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TABLE Il.---Range of Changes in Colors Representative 
of the 10 Munsell Major Hues in Passing from Daylight 
to Three Fluorescent Sources of Illumination. 


(The colors red, green, yellow and blue are denoted by R, 

G, Y, and B; numerators indicate lightness with 0 and 10 

as endpoints; denominators indicate saturation with 16 
maximal ) 


From H. Helson, D. B. Judd and M. H. Warren to be published 
Daylight 


(Munsell Re 
notation 


“purple Wi 


among observers if a group of 


would expect similar differences 
individuals was 
aske d to judge the eolor of a source of light 


In a reeent study of the color rendering prop 


erties of fluorescent sources of illumination by 
Helson, Judd and Warren (1955 


ferences in color Vision proved to be AS striking as 


individual dif 
the Ones found earlier under Palo incandescent 
daylight illumination. In Table Il are given the 
extremes of the range of hues reported for repre 
sentative samples of the 10 major Munsell hues by 
five observers, Again we find that different people 
see different colors even when the light reaching 
the eves is the same for all observers, Thus 9.5 BG 
was seen as blue-green by one observer and as 
purple-blue by another observer with 6500K fluo 
rescent light as the source. Whether or not a given 
illuminant will be acceptable to an individual will 
depend, therefore, upon what colors he sees in the 
illuminant and this, in turn, will depend not only 
upon the physical characteristies of the source but 
just as importantly upon the properties of the 


individual’s own visual mechanism 

It might seem plausible to assume that the 
“whiter” a source of light the smaller would be the 
differences among individuals in the way object 
colors are seen but the data in Table IT show that 
the range of colors reported in the whitest of three 
sources, 6500K fluorescent, is as great as the range 
of colors reported by five observers in 4500K and 
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3500K. The extent to which object colors change 
in artificial light from their daylight appearance 
depends as much upon the individual as upon the 
spectral energy of the source, and, as we shall see, 
the background 
We cannot hope, 


even more importantly upon 
against which they are viewed. 
therefore, to reduce disagreement among different 
observers as to the colors of objects simply by 
controlling the spectral energy of the illuminant. 
Individual differences will be less when all viewing 
conditions, including the source, are the same for 
all observers 

Individual differences in color vision have been 
ascribed to differences in macular pigmentation, to 
differences in the transmissivity of the various 
ocular surfaces and media, and to variations in 
sensitivity of the eolor receptors themselves. It 
might also be thought that differences in color 


vision are due to the method of observation or re- 


port, or to failure of observers to employ color 


identical fashion when reporting the 


Undoubtedly these and other fae- 


names in 
colors they see 
tors are operative but similar differences are found 
under the most refined conditions of visual research 
and even in direct color matching to a standard 
(Cf. Halsey and Chapanis, 1954). In fact the more 
refined the method of measuring color vision the 
Thus the 


trilinear coordinates of the best white which three 


more certainly do differences appear 


trained observers were able to synthesize through 
mixture of the red, green, and blue lights in a 

0.269 = 0.026: y 0.269 
0.462 + 0.057 Helson and 


The variation among observers was 


colorimeter were: 7 
* 0.040. and 
Michels, 1948 
about 10 per cent which is well above threshold for 
any one of them. Thus one cannot assume that a 
light source which is yellowish-white to one indi 
vidual will funetion as a yellowish source for an 
other if their sensitivities happen to differ. In 
determining the effect of color in an illuminant it 
is therefore necessary to take into account the 
particular sensitivities of the individuals who are 
tested or will work in it. This is especially neces 
sary in experimental studies involving at best very 
small samples of the seeing population. Too often, 
the fact of individual differences in color vision 
has been neglected in dealing with the effects of 


spectral energies of light sources 


Background Effects 


What effect color in the source of any illuminant 
will have on visual function, whether it be on 
rendition of colors, visual acuity, comfort or effi- 
ciency, depends as much upon the background and 
the average of all reflecting surfaces in the field as 
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apon the quantity and quality of the light emitted 
by the source. This fact is strikingly brought out 
by the data presented in Table III wherein the 
colors of 19 daylight achromatic samples are re 
ported in practically monochromatic red light on 
daylight white, gray, and black backgrounds. Al 
though the light falling on and reflected from the 
19 samples was red, the samples had different hues 
and saturations on the three backgrounds due to 
the action of the visual mechanism. On the black 
background the predominant hue was red, the 
color of the light emitted by the source, with a 
bluish component tinging the samples of medium 
and low reflectances. On gray background, samples 
above 15 per cent reflectance were perceived as red 
or bluish-red, samples between 11 and 15 per cent 
reflectance were perceived in their daylight achro 
matic color, while samples below 1] per cent were 
seen as predominantly green with a bluish com 
ponent. On white background, only the lightest 
samples were perceived as red, while samples of 34 
to 39 per cent appeared in their daylight color of 
light gray, and the remaining samples were blue 
except for the darkest ones which were a mixture 
of blue and green 

At first sight the data in Table III appear diffi 
cult to interpret but they yield a generalization of 
very wide significance which is applicable not only 
to strongly chromatic illuminants but also to weak 
ly chromatic sources. This generalization has been 
called the principle of color conversion by the 
writer and can be stated as follows: “In any view 
ing situation the eye establishes an adaptation-level 
such that objects having reflectances (or bright 
ness) above adaptation-reflectance (or brightness 
are tinged with the hue of the illuminant, objects 
below adaptation-reflectance are tinged with the 
hue of the after-image complementary to the hue 
of the illuminant, and objects at or near adapta 
tion-reflectance are either achromatic (black, white 
or gray) or weakly saturated hues of uncertain 
(Helson, 1938). From Table IIT it is seen 


that the background largely determines the adap 


eolor”’ 


tation-level or reflectance since the samples re 
ported achromatic on white background have re 
flectances from 34 to 39 per cent, on gray back 
ground from 11 to 15 per cent, and on black back 
ground 3 per cent. The eye is therefore capable 
of neutralizing even monochromatic light through 
adaptation as shown by the samples reported neu 
tral on the three backgrounds. The eye also has 
the power to “pump in” hues which are not cor 
related with corresponding radiant energies as in 
the case of the blue and green hues reported in 
Table IIT 


is all-important in 


monochromatie red light 
Since the adaptation-level 
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TABLE III.—Colors of 19 Daylight Achromatic Samples 
Viewed on Three Backgrounds in Monochromatic 
Red Illumination. 


(Numerator indicates lightness and denominator indicates 
saturation on a 0-10 scale.) 


(From H. Helson, J. Exp. Prychol., 23, 448, 1938) 
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determining the color of objects it is desirable to 
evaluate it quantitatively. Adaptation-reflectance 
has been found to be a weighted geometric mean 
of all reflectances in the field of view and can be 


closely approximated by means of the formula 


A RR, . 
or in log form 
log A, 


log R 3.0 log Ry) 


where A, is adaptation reflectance, R, is the mean 
of the object reflectances in the field, and Ry, is the 
reflectance of the background. In cases where a 
uniform background does not exist, surfaces should 
be weighted according to their areas. Since these 
formulae refer only to reflectance or its closely 
associated measure. brightness. the state of chro 
matic adaptation can be approximated by taking a 
weighted mean of the trichromatic coefficients of 
all objects and areas in the field of view so that 


formula (1) becomes 


r+ dO DZ, 


Va + SOY, 


where z, and y, are the C.LE. triechromatic co 
efficients representing the chromatic adaptation of 
the eye, 7, and y, represent the average chroma 
ticity coefficients of all objects in the field of view 
and z, and y, represent either the chromaticity ¢o 
efficients of the background, if a uniform back 
ground exists, or a weighted mean of the chroma 
ticity coefficients of large areas in the field of view 

Since z, and y, specify the chromatic adapta 
tion of the eye, they actually specify the achromatic 
point for any viewing situation. It is immediately 
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apparent that z, and y, will depart more and more 


from commonly accepted white or achromatic 


points such as average daylight, sunlight, [llumi 
nant ¢ ete the more the illuminant and/or objects 
field shift the 


achromatic point of the eye away from these usual 


in the particularly large areas, 


states of adaptation. Such shifts in the achromatic 
point of the eye explain the fact that a daylight 
yellow surface seen in sodium vapor light, which is 
almost monochromatic, is seen not as yellow but as 
white. If the usual practice of taking the distance 
of the sample point from the daylight achromatic 
the C.LE 
one erroneously concludes that the yellow surface 


How- 


very 


point in mixture diagram is followed, 


in monochromatic yellow should look yellow 


ever, in this situation since az, and y, are 


close to, if not identical with, the illuminant and 


sample points, the distance of the sample point 
from the achromatic point is null or very small, 
and therefore the sample on this analysis should 
Reference to Fig. 1 


chromaticity 


look achromatic. which it does 
the 
the 


illustrates how coefficients of 


“follow” 


the chromatic adaptation of the eye 


and how 
shifts 


radical changes in spectral energy of the illumi 


objects illuminant points 


with 
nant. It is apparent that if the achromatic point 
of the eye is close to the illuminant point, as is the 
ease with monochromatic and strongly chromatic 
illuminants, hue and saturation will not correlate 
with C.1L.E. dominant wave-length and purity since 
different 
The concept of adapta 


these are determined by reference to 


“white” or neutral points 
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Pigure 1. Seventy-five illuminant 
sample combinations represented 
on the uniform-chromaticity scale 
Maxwell triangle. The samples 
with Abbot-Priest sunlight as the 
illuminant are shown by circles; 
those for the four strongly selec- 
tive illuminants (red, yellow, 
green, blue) are shown by crosses. 
The illuminants are indicated by 
squares. (From D. B. Judd: “Hue 
Saturation and Lightness of Sur- 
face Colors with Chromatic Illu- 
mination,” J. Res. Nat. Bur. 
Standards, 1940, 24, p. 310, BP 
1285.) 


Kae ee 


APR 


tion-level furnishes the actual achromatic point 
of the eye for specific conditions of light source, 
background and object reflectances in the field of 
view 

While quantitative determination of the achro- 
matic point of the eye in accordance with Equa- 
tions (1), (3), and (4) is necessary in order to 
specify the state of the visual mechanism for all 
types of illuminants, it needs to be supplemented 
by the principle of color conversion if background 
Object 


colors above, near, and below adaptation-level be- 


effects on eolor are to be accounted for. 


have differently and the principle of color con- 
of the of 


change in object colors with changes in visual 


version gives an indication direction 
adaptation as a result of background and other 
factors. Accurate prediction and specification of 
color requires that the facts expressed in the prin- 
ciple of color conversion, as well as other facts, be 
incorporated into quantitative approaches to color. 
Already several studies have appeared in which 
background and adaptation effects receive quanti- 
tative treatment (Judd, 1940; Spencer, 1943; Hel- 
son and Michels, 1948; and others). 


that prediction of object colors in different sources 


It appears 


of illumination is possible by taking into account 
adaptation to the illuminant color (Helson, Judd, 
and Warren, to be published). Further advances 
will come with deeper understanding of the nature 
of the color mechanisms of the eye but first it is 
necessary to order the phenomenological data and 
to correlate them with the spectral energies giving 
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rise to them. Recognition of the overwhelming in- 
fluence of background on adaptation should help 
to remove one of the most important sources of 


variance in visual science 


Object Colors and 
Color of Source of Light 


That the spectral energy of light sources affects 
the colors of all parts of the visual environment is 
a fact of common experience. One senses the color 
of the source of light through its effect on object 
colors even when the source itself is hidden from 
view. The color of the source of light is a sort of 
common denominator for everything seen. Refer 
ence has already been made to the fact that object 
colors “follow” the light source as shown in Fig. 1 
The 75 points in Fig. 1 representing 15 Munsell 
colored papers in five illuminants show how the 
colors of all objects are influenced by the chroma 
ticity of the illuminant. Large shifts in the chroma 


ticity coefficients and their corresponding colors 


are also found in passing from daylight to weakly 
chromatic sources such as 2854K tungsten filament 
and 4500K and 3500K 


important as the spectral energy of sources may 


fluorescent sources But 


be, reflectance of background is of equal impor 
tance, as shown in Table III where it is found that 
the same papers in one illuminant have different 
colors when viewed against different backgrounds 
The effect of spectral energy of the source of light 
must therefore be considered always in connection 
with the relation of specific object reflectances to 
the average reflectance of the whole visual field 

To try to state which of the trinity of factors 
determining visual function light source, spec 
tral reflectance of objects, or the visual mechanism 

is most important is like trying to say whether 
the hen or the egg came first. Once it is recognized 
that perceived colors and the comfort and efficiency 
of vision depend upon all of these factors the mis 
take should not be made of ever considering them 
isolated from one another. Obvious as is this analy 
sis of the seeing situation, one has only to look at 
some of the most modern lighting installations to 
find that the lighting was designed without regard 
to the average chromaticity coefficients of the 
objects, walls, ceilings and floors lighted by them 
Just as the impedance of a loud speaker in a radio 
set must match the impedance of the circuit feed 
ing into it for best results, so the spectral energy 
of light sources must be considered in relation to 
all reflectances in the field of vision and the prop- 
erties of the visual mechanism 

No one source of light can bring out all object 
colors to best advantage. If some colors are accen- 
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tuated, others will necessarily be reduced, and 
almost all objects will change more or less with 
change in spectral quality of light sources. So- 


ealled color constancy, the tendency of object 
colors to withstand wide changes in intensity and 
smaller changes in spectral energy of sources of 
illumination, is limited. And due to color conver- 
sion, objects with reflectances above the average of 
the field 


with the hue of tae source while objects below the 


adaptat’on-reflectance) tend to be tinged 
average tend to be tinged with the after-image 
complementary to the hue of the source. Proper 
choice of color (chromaticity and luminous reflect 
ance) of large areas in the field of vision may lower 
adaptation-reflectance sufficiently so that the hue 
of the illuminant predominates in most object 
colors and a single visual effect can be had from a 
given light source 

It is not easy to make valid generalizations re 
garding the effect of illuminant color on object 
colors beyond the first-order approximation ex 
pressing the direction of color changes in the prin 
ciple of color conversion, Owing to the fact that 
adaptation has a double effect, desensitization to 
strong portions of the spectrum with concomitant 
greater sensitivity to complementary spectral re 
gions, resultant object colors seem unpredictable 


Nevertheless 
such as the shift toward the color of the illuminant 


certain regularities are observable 
and gain in saturation of object colors not far from 
the illuminant color and shift away from the illu 
minant hue, often with gain in saturation, of com 
plementary object colors. Thus in passing from 
Illuminant C (approximation to daylight) to in 
candescent filament illumination, purple and red 
purple become much redder while blue-green be 
comes greener, the loss of blue helping to accen 
tuate the illuminant hue in the one case and the 
complementary hue in the other case (Helson and 
Grove, 1947; Judd, and Warren, 1952) 


When these effects of adaptation are embodied in 


Hlelson 


auantitative treatments of the color rendering 
properties of illuminants good predictions of the 
effects of spectral energy of sources on object colors 
are possible 

So far as visual adaptation on object colors is 
concerned the types of spectral energy distribution 
t.2., continuous vs. discontinuous type of source, 
makes no difference. For most practical purposes 
it does not matter what radiant energies are re 
sponsible for a given state of adaptation. This is 
fortunate because an infinite number of different 
spectral distributions may give rise to the same 
state of visual adaptation. However, discontinuous 
energy sources, such as fluorescent lamps, may 


change object colors unduly because any one of the 
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strong lines in such sources may be accentuated 80 


that object colors depart from their daylight ap- 
pearance. When foods and complexions are affected 
individuals complain. People do not like greenish- 
yellow butter or bluish-white potato or rice. The 
author can refer to a personal experience in this 
which vivid after several 


regard remains very 


months. He chose an order of fried chicken in a 
cafeteria because of the golden-brown color of the 
chicken in the show case but when he found it to be 
a greenish-yellow color at the table his appetite 
for it considerably diminished. The illumination in 
the show case was a rich reddish-yellow from a 
filament lamp of low color temperature but the 
light from the ceiling where the food was eaten 


bank of 


The fact that such color changes are now 


was a whitish-blue from a fluorescent 
lamps ! 
understood and can be predicted means that we 
are in a fair way to control lighting for satisfac 


tory color rendition under most circumstances 


Effects of Color of Source on 
Acuity and Other Visual Functions 


Statements concerning the effect of color in the 
source of light on acuity and efficiency of vision 
range all the way from denial of any effect to 
claims of superiority of white light, or sodium va 
From their 
Simonson and Brozek 
“state of 


por light, or even mercury vapor light 
survey of the literature 
1940) concluded that there existed a 
confusion in the appreciation of the importance of 
the spectral quality of light” and they attributed 
the contradictory results in the published studies 
chiefly to the failure to appreciate the complexity 
of visual functions involved in the majority of 
industrial jobs. Since we are here concerned with 
the color factor let us limit ourselves to what 
would now seem to be the main sources of discrep 
ancy among investigators regarding the effect of 
spectral energy of sources on visual performance 
by discussing only faetors influencing color al 
though we recognize fully the important role of 
other factors, such as brightness ratios and distri 
bution of light in the environment 

In the main, conflicting results regarding the 
role of color of the illuminant on visual perform 
ance are probably due to the fact that this was the 
only variable under investigation with the result 
that other factors were neglected. Our discussion 
of background effects on color has shown that color 
effect of the illuminant depends as much on back 
ground and object reflectances as it does upon the 
light emanating from sources. We have no assur 
ance that different investigators employed the same 
backgrounds when studying the effects of various 
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TABLE IV.—Intensity Necessary for Maximal 
Saturation. 


(From data obtained by D. Mel. Purdy quoted by L. T. Troland, 
Principles of Prychophysiolegy, Vol. 11, D. Van Nostrand Co., 


New York, 1930, p. 169.) 


Intensity 


Wavelength (photons, 9) 


70 4.66 

440 1.00 

460 1.33 

470 1.66 

440 7.66 

p11 

1.90 

‘4 

‘ ‘ 20 

Cireen Yellow 40 fhi44 
55, 0.20 

) 37 

¥ ellow 575 4 
(range , A 
11 

5.44 

6.34 

4.00 
4.90 


sources of light so that inter-comparisons can be 
made meaningfully. Differences in average chro- 
maticity and reflectance coefficients among the dif- 
ferent experimental environments could account 
for many of the conflicting results in the literature 

It has been customary when comparing sources 
having different spectral energy distributions to 
eonate them for brightness but not for chromatic 
ness. Various regions of the spectrum achieve maxi 
mal saturation at different brightnesses as shown 
in Table IV. If we take the amount of light re 


quired for maximum saturation of violet as unity, 


green rejuires from 7 to 17 units saturation, green- 
yellow from 21 to 24 units, yellow 19 units, orange 
from 4 to 15 units and red 5 units. Furthermore it 
cannot be said that yellow at its maximal satura 
tion is as saturated as maximally saturated blue 
The reason, therefore, for the often quoted supe 
riority of yellow light (sodium) over other colored 
lights (mereury, tungsten filament) may be due 
to the fact that even though the sources were 
equated for luminance, the yellow was actually 
less chromatic (saturated) than the others! As 
yet no studies have been made of acuity, recogni 
tion time, speed of reading and of manipulatory 
performances, blink rate and fatigue with chro- 
maticness of light sources equated with or without 
equating luminance. Until this is done the effect 
of illuminant color on visual functions cannot be 
clarified 

Another source of difficulty in attempting to 
gauge the effect of spectral quality of illuminants 
on performance is found in the fact that various 
measures of visual function do not correlate highly 
with each other even under identical conditions of 
observation. Thus it is not true that if a given 
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type of lighting reduces visual recognition time 
that it will also reduce accommodation or con 
vergence near points or that the condition yielding 
the lowest absolute photopic threshold will also 


result in the highest visual acuity. Visual fune 


tions, while mediated by the same set of organs, 
seem to be more or less independent. With foot- 
candle levels the same for three different illumi 
nants, Simonson and Brozek (1948) found no sig- 
nificant differences in blinking rate or number of 
correct letters reported but they did find differences 
among the illuminants in critical fusion frequency 
and recognition time. In line with these conflict- 
found that 


graphic tests showed significant differences among 


ing findings they some ophthalmo- 
the illuminants (velocity and deviation of the eyes 


from targets) while others did not (near points for 


accommodation and convergence Their conclu- 
sion, that if level of illumination gave significant 
differences in a function then spectral quality also 
gave significant differences, must be regarded as 
a highly important guide for further investigations 
of the effects of spectral quality of illuminants on 
visual functions. 

Differences among investigators may also arise 
from the fact that even when the same function is 
measured under otherwise identical conditions, the 
method of measurement may influence the result 
It is known, for example, that the binocular sep 
tum method of measuring color adaptation in 
creases color differences as compared with binocu 
lar adaptation to one type of light at a time. There 
is hardly any measure of human performance 
which cannot be made in a variety of ways and it 
must be recognized that the method of measure 
ment is a variable capable of influencing the quan 
tity measured (Cf. Sperling and Farnsworth, 
1950). 

Monochromatic sources of light, such as the 
sodium vapor lamp, have been thought to increase 
visual acuity by reducing the blur circles on the 
retina arising from chromatic aberration of the 
refracting system of the eye. This effect must, 
however, be balanced against another, equally im 
portant effect, namely, that visual acuity also di 
the number of receptor elements 


pends upon 


cones) activated by the light and this number de 
pends importantly upon the intensity and prob 
ably also on the wavelength of the impinging light 
If some populations of visual receptors are more 
sensitive to certain wavelength bands and less sen- 
sitive to others, then the purer the light beam the 
fewer will be the number of receptors functioning 
and the coarser will be the retinal mosaic for pick- 
One effect must therefore be bal 


anced against the other in choice of light sources 


ing up details 
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So far we have considered spectral quality of 
illuminants only in terms of acuity, efficiency, or 
performance measures of visual function. But it is 
becoming increasingly evident that comfort and 
aesthetic factors are also very important whether 
or not visibility or acuity are affected, as Guth 
(1951 
is most important for visual acuity and visibility 


has maintained. While brightness contrast 
very few people care to work in an environment 
If it is not 


possible to provide chromatic variation in the work- 


entirely devoid of chromatic contrasts 


ing or living environment by the use of colored 
walls, ceilings, work benches or machinery, the lack 
may be made up through the use of mildly ehro 
matic sources of illumination since even non-sele 
tive (black, gray, white) surfaces are tinged with 
color in accordance with the principle of color con 
version. One of the advantages of the tungsten 
filament lamps is the warm emotional tone pro 
duced by the strong red and yellow components 
in their spectral energy curves. For generations 
artists and stage designers have called red and 
colors because of their pleasant 


vellow “warm” 


emotional effects. With increase in the long-wave 
components of fluorescent lights the more modern 
sources should compete with tungsten lamps in this 
respect. But much more work will have to be done 
on emotional, motivational, and other “subjective” 
effects of illuminant colors before safe generaliza 
tions can be made in this area as well as in the 


more objective but equally difficult areas of effi 


ciency, acuity, and performance measures of visual 


functions 


Is There a Best Color for 
All Sources of Illumination? 


Attempts to preseribe or to define the best spec 
tral quality for sources of illumination are bound 
to fail because no one spectral energy distribution 
can serve all purposes best. Specific color qualities 
in illuminants may be desirable for specific pur 
poses. If it is desired to maximize differences 
among the largest number of colors then i white 
type of light is best as shown in Fig. 1 where the 
15 Munsell samples spread out most in sunlight 
and cluster more and more around the illuminant 
point as its light heecomes more and more mono 
chromatic. The largest range of color qualities 
But if it is desired 


to maximize differences between certain selected 


will be seen in “white” light 


hues, as in grading fruits for canning, then the 


chromatic adaptation should be intermediate be 
tween the hues of the colors being discriminated as 
shown in a study by White (1949) 


be difficult to obtain illuminants plotting between 


Since it might 
the hues of various products, backgrounds having 
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the desired colors would serve equally well, per- 


haps better, for controlling the adaptation-level. 


Quantitatively White's principle may be expressed 


as follows 


where z, and y, refer to the chromaticity coeffi- 
cients of the background against which the sam- 
ples ri, Wy and Ze, Ye are viewed The optimal 


background reflectance or luminance would be 


y k(Y¥,+ Y,)/2 (7) 


) 
where the Y's refer to the reflectance or luminance 
of background and samples being compared, and k 
is a constant between 0.35 and 0.45 for most view 
ing conditions, 

Since practical interests and purposes change as 
new needs arise it is necessary to have a funda- 
mental understanding of all factors in the viewing 
situation in order to come up with answers to them. 
For example, in 1943 Farnsworth, Reed and Shil 
ling found that deutanous and milder protanous 

olor deviant) individuals detected more pseudo 
isochromatie plates in yellowish, tungsten light 
than in daylight. If it is desired to pass a some- 
what larger number of color deviant individuals 
for restricted types of military duty where their 
deficiency will not be of importance, then the use 
of this light source, formerly thought to be dele 
terious, is to be recommended. On the other hand, 
if strict standardization in giving color blindness 
teats is the main consideration, then daylight types 
of sources would be in order and new criteria of 
passing the tests would have to be established if a 
larger proportion of testees is to be passed Another 
example of changing standards is to be found in 
the higher color temperatures of lamps for grading 
eotton which now prevail as against earlier color 
temperatures. While the visual mechanism does 
not change, its use as an instrument may be modi 


fied to meet new requirements 


The Brighter Side of the Picture 


From the foregoing discussion the reader may 
conclude that only the visual specialist is capable 
of handling specifie problems of lighting. The 
situation is not quite as bad as it seems for once 
the complexities of visual functioning are under 
stood, measured and controlled it becomes possible 


to cope with them In spite of the intricacies of 


visual function, and we have by no means dealt 
with them all, the eye is a very stable instrument 
due to its extraordinary powers of adaptation. It 
can function over enormous ranges of light intensi- 
ties (50 million million to one according to one 
authority) and from completely monochromatic to 
completely heterochromatic light. By changing 
level of adaptation large changes in luminance and 
chromaticity are compensated to a great extent 
and differential sensitivity remains fairly constant. 
Hence objects tend to keep their daylight colors in 
yellowish tungsten light, in various fluorescent illu- 
minants, and over wide ranges of intensity of illu- 
mination. Certainly no single optical instrument 
or photographie emulsion can duplicate all of its 
functions as well as the eye itself performs. Only 
when special problems or specific situations calling 
for special solutions arise does it become necessary 
to preseribe specific types of spectral energy in the 
iluminant. With the progress that has been made 
in the last few years in understanding how colors 
are seen the future looks very bright so far as 
effects of illuminant colors on seeing are concerned. 
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Quality of Lighting 


HE ULTIMATE GOAL of lighting practice 
is to provide brightnesses in the entire visual 
environment which produce the most satis- 
factory seeing conditions in terms of visual per- 
That 


is, the brightnesses of the task and its surround 


formance, ease of seeing, safety and comfort 


should be such as to permit a worker to achieve 
optimum performance with maximal ease of seeing 
Furthermore, the brightnesses of other more re 
mote areas should be in balance with the task 
brightness so that the worker will be visually com- 
fortable 
that quality of lighting has been achieved 


When this is accomplished, we can say 


This desire for quality of lighting is not new; 
countless writers have emphasized its need. In his 
inaugural address, L. B. Marks, the first president 
of our Society, stated that there was no question 
needing more attention than that of unshaded or 
inadequately shaded lamps. Others have empha 
sized the need of controlling all brightnesses in the 
visual field. Unfortunately, the limited available 
experimental evidence, much of which was con 
cerned with disability or loss of perception, forced 
upon us rather empirical methods of dealing with 
glare. During the past forty years or so a number 
of technical committees have considered this prob 
lem. However, their conclusions were based upon 
studies of lighting materials and methods of their 
day and are not readily applicable to modern 
lighting techniques 

The demand today is for a method of evaluating 
lighting equipments and systems that is based upon 
a sound foundation. From a practical viewpoint 
we do not want to be too restrictive nor too lenient 
in our limitations on the brightness relationships 
for comfortable seeing. In general, we are past the 
necessity of considering only disability glare. Ex- 
perience has told us that brightnesses which may 
produce no significant loss in ability to see are, 
nevertheless, uncomfortable. The higher foot- 
eandle levels of today provide greater visual sensi 
tivity — we can see things better and easier. It 
seems entirely logical that this increased visual 
sensitivity has also made the user of light more 
sensitive to environmental brightnesses and bright 


ness relationships Therefore, it is up to the illu 
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By SYLVESTER K. GUTH 


minating engineer to review certain of his prac 
tices to make sure that he is making every effort 
to achieve his primary objectives 

This paper presents a brief review of where we 
now stand with regard to quality of lighting, some 
of the newer experimental data, and the several 
methods that have been proposed for evaluating 
comfort. Since the entire subject of quality of 
lighting is too broad to be covered by a brief paper, 
this is confined primarily to discomfort produced 
by sources of brightness such as luminaires. The 
exclusion of other factors involved in quality of 
lighting, such as reflected glare, is not intended 
to minimize their importance. It is believed that 
these various aspects of the problem can be con 
sidered separately to determine how each must be 


dealt with in actual lighting practice 


8.Q.Q. Committee Report No. 1 


Just ten years ago the Committee on Standards 
of Quality and Quantity for Interior Illumination 
presented Report No. 1, Brightness and Bright 
ness Ratios.’ This was perhaps the first real at 
tempt to develop relatively complete brightness 
relationships that could be considered recommen 
dations of our Society. During this period we have 
had considerable opportunity to determine whether 
its specification of brightness ratios was satisfac 
tory. Almost from the beginning there have been 
pro and con viewpoints. Some have believed that 


the ratios were unnecessarily restrictive while 


others felt that the ratios should be adhered to 


implicitly Consequently, there have developed 
various interpretations and extensions of the ratios 
which often result in considerable confusion as to 
just what constitutes good lighting practice 

Of the four specifications of brightness ratios 
proposed in Report No. 1, there seems to have been 
little or no dissent from those dealing with the 
surround, For 


visual task and its immediate 


“hest”’ and “oood” seeing conditions, ratios of 


unity and three, respectively, were recommended 
Experimental evidence indicates that these ratios 
are sound. Such relationships are relatively easy to 
obtain and they agree with experience 

These same ratios of unity and three were recom 
mended for a light source or luminous portion of a 
luminaire to its background. It was pointed out 
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that there were conditions, such as for small area 
sources, for which ratios greater than three would 
be permissible between the source and adaptation 
brightness. Llowever, to the writers of that report 
it “appeared desirable, for the present, at least, to 
ify the same limiting brightness-ratio as in the 
CAS the visual task.” Thus, great emphasis was 
placed upon the ratios of unity and three for all 
areas in a Visual environment 
Report No. 1 was based largely upon the experi 
ments of Ilolladay Because of the limited range 


of variables he investigated especially the size 


of source it was necessary to extrapolate his 


data to inelude luminous areas comparable to 
those used in present day lighting practice. Fur 
thermore, he provided no information regarding 
how much brighter sources could be if they were 
removed from the line of vision. Some of the 
limiting brightness values calculated by the Holla 
day formula did not seem to agree with experi 
ence. In spite of this, Report No. 1 did accomplish 
several things. It did much towards raising the 
general standard of lighting practice by illustrat 
ing the general relationships among some of the 
factors which influence comfort and discomfort 
Furthermore, it emphasized the gaps in our knowl 
edge which needed to be filled before we could 
develop a more complete basis for evaluating the 


relative comfort of typical lighting systems 


New Experimental Data 


During the past several years three groups have 


made major contributions to our basie knowledge 


of discomfort glare.**** It is outside the scope of 


this paper to present detailed information on these 
investigations; nevertheless, it is pertinent to re 
view briefly the extent of the studies and to com 
pare the results 

Criteria and Procedures — The criteria used in 
the three studies, while not identical, are suffi 
ciently similar to show that the investigators were 
striving for the same goal. That is, the emphasis 
was on minimizing discomfort. Vermeulen and de 
Boer in Holland had their observers adjust the 
brightness of a source to a value “considered to be 
the limit above which an increase would cause a 
transition from comfort to discomfort.” The 
Luckiesh-Guth 


brightness until it produced a “visual sensation at 


observers adjusted the source 
the borderline between comfort and discomfort.” 
This was termed the BCD sensation. In a later 
experiment,” the eriterion of “just barely distract 
ing” was included. In England, Petherbridge and 
Hopkinson used a multiple criterion technique in 
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which the observers were asked to assexs discomfort 


from the glare source in terms of 


Just intolerable — the changeover point be- 

tween intolerable and uncomfortable glare 

Just uncomfortable — the changeover point 
between uncomfortable and merely distract- 
ing glare. 

“C. Just acceptable the changeover point be- 
tween distracting and acceptable glare 

“PD. Just imperceptible —the changeover point 

where glare from the source is just no longer 

noticeable; the sources themselves are still 

noticeable, but they merge into the general 

field of view in such a way that they no 


longer form any source of attraction.” 


A consideration of these diverse criteria seems to 
indicate that there is a difference in degree between 
those used by Vermeulen and deBoer and by 
Luckiesh and Guth. The former gave somewhat 
more emphasis to comfort than to discomfort, 
whereas the latter gave equal emphasis to the two 
sensations. The multiple eriterion technique of 
Petherbridge and Hopkinson brackets the other 
two 

The general procedures by each group differ 
markedly. In the Petherbridge-Hopkinson studies 
the observers adjusted the surround brightness 
until the souree produced the prescribed sensation 
In other words, the observers were subjected to 
a continually changing adaptation brightness 
which could have an important effect upon the 
results. In the other investigations, the source 
brightness was varied by the observer and the 
surround brightness maintained constant for a 
given series of observations. 

The European investigators exposed the sources 
Americans used a 


continuously, whereas the 


momentary exposure of the source. However, it 
has been reported® that there was no significant 
difference between prolonged and momentary ex- 
posure for the BCD sensation. The latter has been 
found to be particularly convenient for making 
comparisons and to relate certain experimental 
situations to a standard condition 

There always is a question as to whether data 
obtained in laboratory situations can be applied 
directly to actual lighting systems. Any funda- 
mental investigations must be made with con- 
trolled vonditions in order to determine the rela- 
tive effects of the many factors that are involved. 
To accomplish this, Petherbridge and Hopkinson 
used a small seale arrangement. While this was 
convenient, it did raise the question of correspond- 
ence to full seale arrangements. However, they 
recently reported’ the results of a comparative test 
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which showed no significant differences between 
them. Luckiesh and Guth did most of their funda 
mental work in an 80-inch hemisphere, but ex 
tended it successfully to include a larger scale 
simulated room* and several typical lighting in 


8 


stallations.* Vermeulen and deBoer used only a 
laboratory set-up which included a square source 
located at various positions above the line of vision. 

Experimental Results—All three groups studied 
the basic factors which govern whether sources of 
brightness are visually comfortable or uncomfort 
able. The ranges included by each are presented 
in Table I 


oped to represent the relationships among source 


Empirical equations have been devel 


brightness B, source size w, and adaptation bright 
ness F. 
pe. it ; 


Vermeulen-deBoer: B 


Luckiesh-Guth: B=MPF°*** 
Petherbridgs Hopkinson 


and P, 


have been included to take into account the greater 


In Equations (1) and (2 respectively 
permissible brightnesses for sources the farther 
Pether 


bridge and Hopkinson did not include source dis 


they are displaced from the line of vision 


placement, suggesting that neglecting this factor 
would incorporate a “factor of safety.” C, M and 
K are constants, their specific value being depend- 
ent upon the visual sensation or degree of dis 
comfort involved 


Size of source At first glance, Equation (2) 


seems to be considerably different from (1) and 
3) beeause the size of source @ does not appear 
in the denominator. However, the complex paren- 
thetic expression has the same effect as though it 
Certain similarities and differences among 


Values 


were 


these equations are illustrated by Fig. 1 


; 


Pigure 1. The relationships between bright 
ness and size for sources located 10 de- 
grees above the line of vision and a sur 
round brightness of 10 footlamberts as 
determined by Petherbridge and Hopkin 
son (A), Luckiesh and Guth (b) and 
Vermeulen and deBoer (C). 


x 


BRIGHTNESS OF SOURCE FOOTLAMBERTS) 





The Range of Variables Studied by 
Different Investigators. 


Petherbridge 
Hopkinson 


Vermeulen- Luckiesh- 
Factor deBoer Guth 


Source Brightness 
Footlambert 


Source Size 


Variable** Variable** 
Steradians wol 18 
Source Position 0-60 Vertica 
Degrees Diagonal 
00 Horizontal 
Surr nd Brights 
Footlamberts 
Groups of Source 
Immediate Surre 
of Source 


Shape 


*Typical lighting stems generally in 


)} steradian 
**Controlled by the observer while othe 


given series of observations 


of B have been calculated for a surround bright 
ness F of 10 footlamberts, a source displacement 
of 10 degrees above the line of vision and various 
values of source size, The Petherbridge-Hopkinson 
eurve is for their sensation “B.” 

The ranges of source sizes used by each group 
overlap only partially, the largest ones being in 
cluded by 


area is an important factor and it provides the 


Luckiesh and Guth. Size of luminous 


major link to actual lighting equipment. Harrison" 
has pointed out that most fluorescent lighting in 
stallations involve areas greater than 0.025 stera 
would be above the 


dian. Thus, they generally 


sizes used by Vermeulen and deBoer and by 


Petherbridge and Hopkinson. Therefore, their 


relationships require extrapolation in order to 
apply them to many lighting systems, an objection 
that has been raised regarding the use of Holla 
day's data 
When the size of source is relatively small 

less than about 0.01 steradian the Vermeulen 
deBoer relationship is approximately parallel to 
the Luckiesh-Guth curve. In other words, an in 


crease in luminous area requires the same relative 





> 
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TABLE Il.-Relative Brightnesses of Sources Located 
Various Distances Above the Line of Vision 
for a Constant Visual Sensation. 


Luckiesh Petherbridge - 


Hopkinson 


Vermeulen 


deBoer 


0 


reduction in source brightness to maintain a con- 


stant visual sensation. The lower brightnesses ob- 
tained by the former indicate that their criterion 
of comfort-diseomfort probably was more comfort- 
able than the Luckiesh-Guth BCD sensation. Of 
course. other factors. such as observers having a 
greater sensitivity to brightness or being more 
eritical of glare, could account for the difference 
On the other hand, the Petherbridge-Hopkinson 
data plot as a steeper curve. This indicates that, 
as the size of source is increased, its brightness 
possible ex 


must be reduced more rapidly A 


planation for their steeper curve may be that their 


primary variable was surround brightness F 


llowe er, 


to the Luckiesh-Guth curve at about 0.02 stera 


their relationship 1s parallel to a tangent 


dian. The difference in brightness indicated by the 
two curves in this region would lead to the in 
ference that the BCD sensation is between their 
sensations “B” and “C,” 

Surround Brightness A second apparent dif- 
in the equations is In the exponent used 
for surround brightness F. The relative effects of 


exponents of 0.6, 0.44 and 0.3 are that doubling F 


ic retice 


permits increasing B by 52, 36 and 23 per cent, 


respectively At the moment there is no obvious 
They 
are caused by differences in experimental proce 
If the values obtained by 


explanation for these differences probably 


dures and techniques 


the Europeans are considered extremes, the 
Luckiesh-Guth exponent of 0.44 may be a good 
median value to use. It should be pointed out that 
the brightest surround used by Vermeulen and 
deBoer was only 15 footlamberts. This is less than 


that usually found in practice. In application 
these different exponents should not present too 
serious a problem because generally several light 
ing systems producing very nearly the same sur- 
round brightness will be compared with each other 
Thus, the function of F will be approximately the 
same in all cases 

Position of Source An 


the effect of moving sources away from the line of 


important factor is 


vision, Luckiesh and Guth explored the upper 


half of the visual field and determined the rela 
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tive brightnesses of sources located in this region 
which would produce the BCD sensation. The 
other investigators studied vertical displacements 
of sources and obtained similar results as shown 
in Table Il 

Petherbridge and Hopkinson reported no signifi- 
cant differences between vertical and horizontal 
displacements out to 16 degrees, the extent of 
their study. On the other hand, Luckiesh and 
Guth found their observers to be considerably more 
sensitive to horizontally displaced sources. For 
example, at 20 degrees from the line of vision, 
diagonal and horizontal BCD brightnesses were 
20 and 40 per cent less, respectively, than the 
vertical BCD brightness. At greater angular dis- 
placements the differences are even more marked 
This greater horizontal sensitivity to brightness 
agrees with experience 

Groups of Sources It is extremely important 
to know how to combine the effects of each of a 
group of sources to determine their overall effect 
on comfort. Petherbridge and Hopkinson, in their 
limited experiment found that glare effects from 
up to four sources in view were not directly addi- 
tive, but that the effect was somewhat less than 
those computed from observations with a single 
source. However, for simplicity, they suggested 
that if 
would introduce a factor of safety to calculations 


arithmetic additivity were assumed, it 
The individual sources in a group were not widely 
dispersed in order to minimize effects due to their 
angular separation. This, and their manner of 
presenting results in terms of surround brightness, 
make it difficult to relate their findings to practice. 

Luckiesh and Guth studied a number of differ- 
ent combinations of sources in the original BCD 
investigations. It was found that the sum of the 
individual indices of sensation was not consistent 
or relatable to experimental data. In other words, 
glare effects are not directly additive. However, 
they did find a simple and practical equivalent for 
multiple sources to be the total of the individual 
areas located at the position of the source closest 
to the line of vision. That is, the individual solid 
angles are added and the sum is used in Equation 
(2). Only 


closest to the line of vision is used. 


the position index P of the source 
Celeulations 
using this method have shown yood agreement 
with experimental results. 

The foregoing brief review and comparison of 
the newer experimental data make it evident that 
we now have considerably more information than 
was available to the first 8.9.Q. Committee. We 
do not know the why of some of these effects, but 


do have some knowledge of what happens and how 
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the factors should be balanced to provide visual 


comfort. More data are needed, particularly re- 
garding multiple sources and the influence of 
brightness of the ceiling against which sources are 


viewed 


Methods of Calculating Comfort Ratings 


In order for the illuminating engineer to be 
able to evaluate the comfort of a lighting system, 
he must have a mathematical method which will 
give proper relative weight to the many factors 
that are involved. Probably the first method for 
doing this was suggested in 8.Q.Q. Report No. 1. 
Fowler and Crouch’ had concluded previously 
that the Holladay formula offered a “logical and 
concise method of predicting the limiting bright 
ness of luminaires or luminous areas... .” How 
ever, they were not able to devise a means for de 
termining the total glare effect of all the lumi 
naires in the field of view. Later, Crouch" pre- 
sented in some detail the method referred to in 
Report No. 1. 


tively complicated method of converting the lumi 


Briefly, his method involves a rela 


naires in a lighting system into equivalent zones 
around the one which is assumed to be fixated by 
rr 

These 


combine to form an equivalent disk subtending a 


an observer. incremental annular zones 


solid angle for which, by the Holladay formula, 
the limiting brightness is calculated The ratios 
between this limiting brightness and the bright 
ness of the system determines the relative comfort 
of the installation. 


Unfortunately, the Holladay data are limited in 


scope, especially with respect to size of source and 


its position in the visual field. Any method based 
upon his data cannot be applied to most modern 
lighting systems without considerable extrapola 
tion. Therefore, the method suggested in Report 
No. 1 and by Crouch has never been used to any 
extent 

To overcome some of the limitations, a number 
of others have proposed alternate methods for 
evaluating the discomfort produced by sources of 
brightness. Since they have been presented in 
detail elsewhere, they will be described only suf 
ficiently to illustrate their characteristics, assump 
tions involved, and their differences 
Rating Method 
8.Q.Q. Report No. 1 was published, Harrison pre 
sented his Glare Rating Method.” As originally 


Glare About a year after 


devised, it was based upon the Holladay data plus 
such modifications that seemed to be indicated to 
make it applicable to modern lighting equipments 
He pointed out that certain assumptions were in- 
volved and that it probably would be modified as 
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newer information became available. During re 
cent years a number of refinements have been in 
corporated in the original method™ and a routine 
technique for applying it has been developed by 
Meaker.'* 

The basic equation for the calculation of glare 


as now used is 
1, Be (LC 
SF 


factors (; 

Gf 
in which A, is the projected area of the source, 
LC is a location coefficient, and SF is a surround 


wall brightness and 
itself The 


factor which incorporates 
background brightness of the source 
equation may be rewritten in a form similar to 


the experimentally determined formulae 
B 


in which F corresponds to the surround factor, @ 
to the projected area; N is a constant which in 
cludes the glare factor and location coefficient 

It has been found that a glare factor (@) of 
about 55 corresponds to average BCD as deter 
mined by Luckiesh and Guth. Calculated values 
of B for the same condition used for ig l, are 
compared with Luckiesh and Guth’s data in Fig. 2 
It is seen that the glare factor brightness plot is an 
approximate tangent to the Luckiesh-Guth curve 
at about 0.025 steradian. Differences between the 
two are relatively small for a reasonable range of 
solid angles in this general region. In other words, 
for sources within a relatively limited range the 
glare rating method will rate sources approxi 
mately the same as the BCD method. However, 
larger or smaller sources will be rated as being 
more comfortable than is indicated by experimen 
fluorescent 


tal data. Since most systems other 


than relatively large luminous ceilings generally 
fall within this range, the glare rating method 
should be satisfactory 

Groups of sources are dealt with simply. The 
glare factor for each unit is caleulated and the 
sum of the individual values is the rating for the 
entire group. Tables have been prepared which 
present the ratings for typical equipments used 
various sizes of rooms. They serve to aid in esti 
mating the probable ratings that would be ob 
tained with similar luminaires. Of course, caleu 
lations should be made for specific systems to ob 
tain a more accurate rating 

The Glare Rating Method has served a very useful 
service. Even though small areas might be rated 
as being more comfortable than they actually are, 
including assumptions and 


the same method 


inaccuracies is applied to all lighting systems 
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Thus as a means of comparing two installations, 


generally similar except for luminaire bright 
nesses, it should be reasonably adequate and accu 
rate However, two systems which differ consid 
erably in luminous areas cannot be compared accu 
rately beyond placing them in their appropriate 
comfort catewories 


BCD Method The 


groups of sources developed from the basic data 


method of dealing with 


merely involves using another form of Eq. (2) : 


B 
P F°-*4 (qy~92! —1 28 


VU 


in which M becomes an index of sensation or rating 
of comfort-diseomfort. The sum of the individual 
solid angles is substituted for w and the position 
factor of the luminaire closest to the line of vision 
is used for P. The BCD method has been checked 
involving a simulated 


in tests room® and with 


actual lighting systems." Calculations using it 


agreement with experimental re 
The total solid 


have shown the 
sults to average about 5 per cent 
angles included in these comparisons ranged from 
0.001 to 0.13 steradian, which encompass the ma 
jority of typical lighting systems 

The major comment on this simplified method 
of rating comfort involves the manner in which 
sources are combined. In effeet, equal weight is 
given to each of two identical sources located at 
different 
the position indices that were experimentally de 


positions in the visual field. However 


termined for single sources at various positions 
do not seem to hold when groups of sourees are 
involved. Until revised position indiees have been 
obtained, this seems to be the best way to appl) 
the experimentally determined BCD equation. It 
is interesting to note that the BCD method corre- 
Petherbridge and 


sponds to the suggestion of 


Hopkinson that the effect of displacements up to 
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Pigure 2. A comparison of the relation- 

ships between source brightness and size 

as determined by the Glare Rating equa- 

tion (d) and as obtained by Luckiesh and 
Guth (B). 





50 degrees be neglected. Their equation was deter- 
mined in terms of sources located 10 degrees from 
the line of vision. This is about the displacement 
of the more distant sources in medium and large 
rooms. 

authors'® have 


Method 
devised a graphical method by which all lighting 


Logan-Lange These 
units within the visual field are summated into a 
single source that is considered to be their equiva- 
lent. Their basis is that the areas of sources of 
equal brightness are additive. They convert each 
source of a lighting system into an equivalent one 
located on the line of vision and having a common 


brightness. The solid angles for these converted 


sources of equal brightness are determined graphi- 


cally from a Visual Comfort Chart which is based 
upon the Luckiesh-Guth data. The sum of these 
new solid angles is taken as the size of the single 
source which will produce the same visual sensa- 
tion as the original group of sources. Again using 
the Visual Comfort Chart, they determine the 
average BCD brightness for this converted equiva- 
lent source. The ratio between the brightness to 
which the sources have been converted and the 
BCD brightness is considered a measure of the 
visual comfort of the installation 

This is a unique approach to the evaluation of 


the comfort or discomfort produced by lighting 


systems. The method of converting the individual 
sources of brightness to equivalent ones on the 
line of vision appears to be valid. However, this 
transformation can be accomplished more precisely 
by means of the Luckiesh-Guth formula (Equa- 
tion 6). The main point to question is the method 
of combining these converted sources. Using this 
method, calculations have been made for a number 
of the Luckiesh-Guth experimental situations. In 
most eases it was found that the Logan-Lange 


method rated the groups of sources as being more 


ILLUMINATING ENGINEERING 





comfortable than had been indicated by the experi- 
mentally determined evaluations. It seems logical 
to assume that an empirical evaluation method 
should be relatable to research findings. 


Index A 


forward step has been the development of a better 


Visual Comfort recent significant 
method of presenting comfort-diseomfort evalua 


tions. It is obvious that an arbitrary numerical 
rating scale which has no real significance is diffi- 
cult to comprehend. To overcome this objection 
the original data obtained by Luckiesh and Guth 
with 50 observers has been used to determine how 
many of the observers would be expected to be 
visually comfortable with a given combination of 
environmental conditions. The application of this 
to the BCD data 


has been applied to the Glare 


was described in a previous 
paper.® It now 
Rating Method'*® and also to the Logan-Lange 
Method."* That is, the BCD index of sensation M, 
the glare factor G, and the Logan-Lange ratio are 
expressed in terms of a Visual Comfort Index or 
the probable per cent of observers who would be 
expected to be comfortable. The relationships 
among the ratings of each method and with the 
Visual Comfort Index are presented in Table III 
Table IIT indicates that low values of ratings are 
imperative for a high degree of comfort. As com 
fort increases (higher visual comfort index) glare 
ratings decrease more rapidly than the BCD and 
effect, the different 


numerical values are similar to using various tem 


Logan-Lange ratings In 
perature scales for deseribing the boiling point of 
water. Presenting evaluations in terms of a visual 
comfort index makes it considerably easier for the 
user of light to understand the significance of such 


ratings 
The Future 


This brief review of what has been done ex 


perimentally and empirically during the past 


ten years should be encouraging. Progress is being 
made towards placing certain aspects of quality of 
lighting on a sound basis. Perhaps we are not 
moving forward as rapidly as some would like 
But by not overextending ourselves we can be 
reasonably sure that our mistakes will be few and 


our errors small 


Table for Converting Ratings into Visual 
Comfort Indices. 


TABLE Iii. 


Increasing Comfort 


Visual Comfort Index 
Glare Rating 

BCD Index of Sensation 
Logan Lange Ratio 
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The present methods for evaluating the relative 


comfort produced by luminaires appear to be fairly 


satisfactory. However, each has certain limitations 
which make it difficult to apply to all situations 
In spite of this, indications are that all will rate 
a series of lighting installations in the same order 
of relative comfort. 

Our hope is for an “I.E.S.” method. It should 
be one that is universally applicable, simple and 
practical to use and include the visual comfort 
Further 


more, it should involve minimum empiricisms and 


index method of presenting evaluations 


This means that we need more data 
Such an 


assumptions 
on how to deal with groups of sources 


good 


experiment is now underway. The fairly 
agreement between the present evaluation methods 
and experience leads us to believe that the effect 
of these data when they are available will be 


moderate. One need be no great optimist to feel 


that our future is “bright” and “comfortable.’ 
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Use of Performance Data to Specify Quantity 


and Quality of Interior Illumination 


HIS PAPER is the third in a series of papers 
presented to the Llluminating Engineering 

Society concerned with the specification of 
interior illumination. In the first paper,’ an ex- 
perimental study of brightness discrimination was 
reported, and a brief description was given of the 
use of brightness discrimination data to specify 
the quantity of interior illumination. In the second 
paper,” general problems involved in specifying 
the quantity and quality of interior illumination 
were discussed. The present paper contains descrip 
tions of methods of using basic visual performance 
data to specify the quantity and quality of illumi- 
nation, the brightness discrimination data reported 
in the first paper being used to illustrate the meth 
ods. General conclusions with respect to illumina 
tion specifications are compared with conclusions 


reached by Weston® and by Moon and Spencer.* 


General Aspects of the 
Illumination Specification Problem 
Visual performance continues to be one of the 


two primary criteria upon which the specifica- 


tion of interior illumination is based, the other 
being visual comfort. Visual performance is de 
fined in terms of the speed and accuracy of per 
forming visual tasks under interior illuminations 
of interest. An entirely adequate specification of 
illumination requires sets of visual performance 
data as a function of quantity and quality of in 
terior illumination, for all visual tasks of interest. 
Once such data are available, interior illumination 
can be specified to fulfill any desired criteria of 
speed and accuracy of visual performance 
Unfortunately, obtaining the required sets of 
performance data for all visual tasks of interest is 
scarcely feasible. It seems reasonable, instead, to 
select certain fundamental visual tasks as indica- 
tive of other visual tasks, and to obtain complete 


relations between speed and accuracy of perform- 
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ing these tasks and the quantity and quality of 
illumination. Then, devices may be developed for 
identifying visual tasks of practical interest with 
one or more of the fundamental visual tasks 

This specification procedure is believed by the 
author to be superior to the other systems cur- 
rently proposed for specifying interior illumina- 
tion, Weston’s*® performance data represent an 
arbitrary combination of speed and accuracy data, 
obtained on only one visual task. It should be 
noted, however, that the Landolt broken rings used 
by Weston are probably indicative of many prac- 
tical visual tasks of interest. Moon and Spencer’s* 
Delos method 
visual performance relative to performance at high 


represents an arbitrary index of 


illumination levels, obtained on only two visual 
taxks. The method is based in no way upon data 
representing the speed and accuracy of visual 
performance, and there is no way in which it can 
be referred to these criteria of visual performance. 
The Luckiesh-Moss Visibility Meter® is a device 
for evaluating relative performance for practical 
tasks, in terms of performance for one fundamental 
visual task. Speed and accuracy are not employed 
at any point in the process of using or calibrating 
the Visibility Meter. 
limitation that only one or two visual tasks are 


All these systems have the 


used as the basis for specifying illumination. In 
none of them are the two criteria of performance 
treated separately, so that quantity and quality of 
illumination may be specified for any desired com- 
bination of these performance criteria. 
Unfortunately, complete data relating speed and 
aceuracy of performance to quantity and quality 
of illumination are not at present available even 
for a single visual task. Data relating speed and 
accuracy of visual performance to quantity of 
illumination were reported by the author in the 
first paper of the present series. In the present 
paper, methods are described which make it pos- 
sible to evaluate the effect of quality of illumina- 
tion upon speed and accuracy, utilizing these data 
glare.’ 


and well-known relations in “disability ' 


Thus, the present paper contains the first example 
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of a complete illumination-specification system for 
both quantity and quality of illumination along the 


lines proposed by the author 


The Visual Performance Data 


It will be well to summarize the experimental 
conditions under which the visual performance 
data to be utilized in the paper were collected 
Observers were required to detect the presence of 
a circular test object, hereafter referred to as the 
“target.” The target consisted of a uniform lumi 
nance (brightness) increment presented on a pre 
vailing field of uniform luminance. The prevailing 
field was uniform in luminance over more than 
twenty degrees in each direction from the location 
of the target. Single presentations of the target 
were made at various contrast values, and the rela 
tion between detection accuracy and target con 
trast was determined. Target contrast was defined 
by 

AB 
Cc (1) 
B 
where AB equals the luminance increment 
added to the prevailing field; 
and B equals the luminance of the prevailing 


field 
The observers were required to prove they could 


detect the 
identifying the time interval, of four possible in- 


presence of the target by correctly 


tervals during each presentation, in which the 


target appeared. Each experiment consisted of 


250 presentations of the target. Experiments were 
conducted at various field luminance values, rang 
ing from 100 to .001 footlamberts 


varied from approximately 1 to 64 minutes of are 


Target size was 
in different experiments. The duration of presenta 
tion of the target was varied in separate experi 
ments from 1 second to .001 second. 

The data were presented in the first paper in a 
series of graphs, one graph presenting the relation 
between target contrast and field luminance for 
each of four target sizes. Alternative scales were 


presented on each graph representing different 
levels of accuracy varying from 50 per cent to 99 
per cent. The curves fitted through the experimen 
tal data were empirical. In this form, the per 
formance data are not easy to use to specify even 
the quantity of illumination. No indication was 
given in the earlier paper as to how these data 
could be used to specify the quality of illumina 
tion 

The data presented in the first paper may be 
generalized to apply to targets darker than the 


field luminance, by application of results reported 
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Figure 1. Experimental data obtained in the 1952 study. 
Each point represents at least 500 responses by two 
observers 


by the author in 1946.° In this paper, it was shown 
that target contrast may be defined in such a way 
that targets darker or brighter than the general 
field are equally detectable at equal contrast. The 
definition under which this result occurs is as 
follows : 

By By 


By 


where By is target luminance and By is back 


’ 


ground luminance. 


Other definitions of contrast do not permit use of 
this simplifying principle. It is to be noted that 
this definition of contrast is numerically equivalent 


to the definition presented in equation (1 


Data-Smoothing Procedures 


It is a simple matter in principle to utilize the 
performance data referred to above in specifying 
the quantity of interior illumination. However, 
such use of the data involves interpolating between 
the various data curves presented in the earlier 
paper. Any such interpolative procedure requires 
careful data-smoothing, if interpolation is to pro 
ceed in an orderly and reproducible fashion, Con 
siderable effort has been expended in recent months 
in developing smooth empirical functions to de 
scribe the experimental data, in order to improve 
the interpolative process The curves fitted to the 
experimental data in recent months differ from the 
curves fitted to the data in the first paper. In cases 
of disagreement, curves presented in the present 
paper are to be used 

It will be well to deseribe the data-smoothing 
data 


which presented in this 


procedures upon 


paper are based, in order that the reader will have 
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Smoothed-curves based upon theoretical 
relations between a and C. 


Figure 2 


confidence in the values reported here. Let us begin 
by considering the origina! form of the experimen- 
tal data, as presented in the first paper. The data 


for exposure duration of 1 seeond are presented 
in this form in Fig. 1. The relations between target 
contract, C, and field luminance, B, are shown for 
each of the four target sizes. The data in Fig. 1 
represent a fixed accuracy level of 50 per cent, 
corresponding to what is usually defined as the 
threshold 


of the targets in Fig 


Note that the angular designations 
1 differ from the values pre 
sented in the first paper. The present values are 
correct; the values presented in the first paper 
were nominal It is apparent from Fig. 1 that the 
data appear to be randomly variable; this implies 
that there is some latitude possible in fitting the 
curves. The curves drawn 


data with smooth 


through the experimental data in Fig. 1 are the 
result of the smoothing process, and hence differ 
from the curves presented in the first paper 

The smoothing process began by plotting curves 
relating target contrast and target size for each of 


nine values of field luminance. Such curves are 


presented in Fig. 2 for the l-second data previously 


presented in Fig. 1. Similar eurves were plotted 
for each of the other six target exposure durations 
These 


when they 


curves were found to be highly irrecular, 
were based upon the empirical curves 
reported in the first paper 

The smoothing process continued by regularizing 
families of curves such as the family of curves 
shown in Fig. 2. Certain restrictions were placed 
on these eurves on the basis of relations between 
target size and target contrast which have been 
well established in previous studies of brightness 
diserimination. For example, for small target sizes, 


the relation known as Ricco’s law must be found 
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Figure 3. Smoothed-curves based upon theoretical 
relations between a and C. 


This relation states that 2*C K. The reciprocal 
relation between target area and target contrast is 
absolutely required for targets small with respect 
to the resolution of the eye. Manifestly, when the 
retinal image of a target does not change in size 
with changes in size of the target, changes in area 
can be compensated for by changes in contrast, in 
the quantitative manner known as Ricco’s law. All 
we can safely conclude, however, is that Ricco’s law 
represents the limiting relation to be found when 
target size is small; we cannot be certain below 
what target size the law must apply. Ricco’s law 
is represented by a linear relation between log z 
and log C with slope of —'%. This slope has been 
constructed as the limiting slope of all curves in 
Fig. 2 

As target size is increased beyond the size where 
Rieco’s law applies, target contrast decreases at a 
slower rate, but it still decreases as target size 
increases, As Blackwell and Austin’ have shown, 
this relation may be explained as due to a contribu- 
tion-function concept, where it is assumed that a 
unit area of the target always contributes to the 
detectibility of the target, with the amount of con- 
tribution being reduced as the unit area is sepa 
rated farther and farther from the target center 
In an approximate sense, contribution-functions 
represent first derivatives of the curves presented 
2. The details of this concept need not 
Suffice it is to state that curves 


in Fig 
concern us here 
such as those shown in Fig. 2 may have the require- 
ments placed on them that contribution-functions 
derivable from them are monotonic, and that 
changes in contribution-functions proceed in an 
manner as B is changed. The smooth 


eurves shown in Fig. 2 were constructed 


orderly 
from 


contribution-functions having such characteristies. 
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Figure 4. Interpolations from the curves of Fig. 2. 


The actual contribution-functions will be reported 
elsewhere.* 

Curves such as those shown in Fig. 2 were con 
structed for each of the six other target durations, 
utilizing the contribution-function smoothing pro 
cedure. Then, the curves were replotted as shown 
in Fig. 3. Here we have brought together curves 
relating « and C for each of the seven exposure 
durations, all for a field luminance of 100 foot 
lamberts. Now, the restriction was placed that the 
changes in the contribution-functions derivable 
from these curves occur in an orderly manner as 
a function of exposure duration, at a fixed value of 
B. This restriction was added to the earlier restric 
tion that the contribution-functions be monotonic, 
and that changes in contribution-functions be or 
derly as a function of B, for a fixed target exposure 
duration. When these restrictions were simultane 
ously placed on the data, there remained very little 
latitude in the determination of the contribution 
functions and, hence, in the shapes of the individ 
ual curves relating « and C 

The absolute placement of these curves on the 
scale of C is not fixed by use of the contribution 
This 


upon functional relations in which C 


function concept placement must depend 
is a continu 
ous variable. Accordingly, the next step in the 


smoothing process involved interpolating two 
classes of graphs from graphs analogous to Figs 
The first of these interpolated graphs 
and B, for fixed 
In Fig. 4 such a relation is presented 
The values of 2 


selected for use in this graph do not correspond to 


2 and 3 
presented the relation between C 
values of 2 


for exposure duration of 1 second 
the values experimentally studied, but correspond 
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Figure 5. Interpolations from the curves of 


rather to values of a believed to be of the most use 


for our purposes here. Since we have continuous 


graphs relating Zz and ©, we may of course interpo 


late any values of a of interest, with equal preei 


sion The second class ol interpolation 1s demon 
strated by the curves of Fig. 5. Here we plot the 
relation between C and exposure duration, t, for 


the same values of z. all for B 100 footlamberts 


Once the curves relating « and C are fixed in 
form, ¢ hanvges can be made in curves such as those 
shown in either Fig. 4 or Fig. 5 only by moving all 
values of 2 at a given ¢ and B up or down the log C 
scale by the same amount Furthermore, the same 
values appear on two graphs, one of the class illus 
trated by Fig. 4 and one of the class illustrated by 
Fig. 5. We now require that the families of curves 
such as Fig. 4 and the families of curves such as 
Fig. 5 be monotonic and orderly in appearance. It 
turns out that there remains almost no uncertainty 
in the form of the curves analogous to Figs. 4 and 


5 when all the Work with 


the present data along these lines demonstrated 


requirements are met 


that changes of the order of 2 per cent were the 
maximum allowable changes without an obvicus 
violation of one or another of the previously stated 
requirements 

This process of data-smoothing was carried to 
completion, with the following results 

(a) A set of seven graphs analogous to Fig. 4 


one for each of the seven exposure durations ; 
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b) A set of nine graphs analogous to Fig. 5, 
one for each of the following values of Log B: 2, 1, 
( ) ] 1.5, ~2, —2.5, and —3.0; and 

ce) A set of seven graphs analogous to Fig. 2, 
one for each exposure duration 

These curves were plotted at large scale ; repro 
ductions are available from the author, upon re 
quest. These curves are required in order to con 
struct visual performance graphs for use in speci 
fying the quantity and quality of interior illumi 
nation involving different targets than those that 
have been selected for presentation in this paper 

We may now turn to methods for utilizing visual 
performance data in specifying the quantity and 


quality of interior illumination 


CASE I: Uniform Visual Field 


We wish to develop here a method of relating 
speed and accuracy to the quantity of illumination, 
aince quality has no relevance for the case of a 
uniform visual field. The simplest method is to 
plot speed against illumination quantity, for a 
target of fixed size and contrast, with accuracy as 
parameter. Speed is defined as the inverse of the 


exposure duration for the single presentations 


Field lumi 


nance, B, is used in place of illumination quantity, 


made in the experimental sessions 
since B, rather than illumination, is the basic visual 
variable 

It is entirely straightforward to construct a 
relation between speed and luminance for 50 per 
eent accuracy, from graphs such as those shown 
4 and 5, provided the target size appears 
4 and 5 


may specify a target having a 


in Figs 
For example, we 
land C 1. We 


may interpolate first a value of B corresponding to 


as parameter in Figs 


2 1, C = 1 from each graph analogous to Fig. 4 
interpolate values of time corre 
1, C=1, from 
If additional points 


We may next 
sponding to fixed values of B for a 
graphs analogous to Fig. 5 
are needed, we may interpolate additional graphs 
analogous to Fig. 5 from the various graphs anal 
Then, 


the value of time corresponding to « lL, ¢ l 


ogous to Fig. 4, at appropriate values of B 
may be read. Values of speed are, of course, easily 
computed from the values of time obtained in this 
way. This procedure is slow and tedious, but even 
tually enough points are obtained to define the 
relation between speed and B for 50 per cent aceu 
racy, for the target of fixed size and contrast. In 
Fig. 6, we have presented the relation between 
speed and B for 50 per cent accuracy, for the tar 
get deseribed above. A double-logarithmic plot has 
been used in presenting the data to insure that all 
values of speed and B may be read with equal 
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precision. (The notation, B, 0, refers to the 
uniformity of luminance of the field, a notation to 
be deseribed subsequently. 

We may construct curves of the same type for 
different accuracy levels, by using the experimen- 
tally established relations between target contrast 
and performance accuracy reported in the first 
paper. In this paper it was reported that accuracy 
and target contrast were related approximately as 


shown in Table I. 


TABLE I. 


Relative Target Contrast Accuracy 


0% 
he 
io"x% 


95% 


I 
I 
1.50 90% 
I 
I 


99% 


We may utilize graphs such as those shown in Figs. 
4 and 5, representing 50 per cent accuracy, to de- 
termine values at higher values of accuracy. We 
reduce the target contrast by dividing target con 
trast by the appropriate value from Table I before 
entering it on the graph. For example, we use a 
contrast of 0.52 when considering a 99 per cent 
accuracy level for a target of contrast equal to 1 
(0.52 1/1.91). 
computed in this way we may determine the rela 


Using effective contrast values 


tions between speed and B for the target with 2 = 1, 
Cc l, 


interest 


for the four other levels of accuracy of 
Data obtained in this way are presented 
in Fig. 6 

There is one minor complication which has not 
been mentioned. The relation between relative tar- 
get contrast and accuracy is only approximately 
constant for the various values of B, 2, and ¢t. As 
reported in the first paper, this relation varies in- 
significantly as a function of 2 or B, but it varies 
significantly as a function of ¢. This variation is 
indicated by the values presented in Table IT. 


TABLE II. 
(Values of Relative Target Contrast) 


Time Accuracy 
(Seconds) " 90% 95% 
1.63 RO 
1.58 74 
1.48 62 
1.48 61 
147 60 
147 40 
1.45 55 


In determining the curves for higher accuracies 
in Fig. 6, these variations as a function of exposure 
duration were taken into account. When interpo- 
lating from graphs analogous to Fig. 4, the value 
of effective contrast was determined by dividing 


target contrast by the value in Table II. Direct 


entry was made into the graphs analogous to Fig. 4. 
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When interpolating from graphs analogous to Fig 


5, a reiterative solution was required, since the 


value of effective contrast depends upon the value 


An approximate value of effective con- 
Then, a 


of time 
trast was used, and a value of time read 


corrected value of effective contrast was computed, 
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Interpolated visual performance curves 
a 1 minute, contrast 1. 


Figure 6 
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Pigure 8. Interpolated visual performance curves for 
a 2 minutes, contrast 6 


Pigure 10. Interpolated visual performance curves for 
a 4 minutes, contrast 6. 
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and a new value of time read. This process was 
continued until insignificant changes in the value 
of t were obtained on successive readings 

Data are presented in Figs. 7-11 for targets vary- 
ing in a2 from 1 to 4 minutes of arc, and in contrast 


from .2 to 1. The six targets studied are consid 
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Pigure 7. Interpolated visual performance curves 
a 2 minutes, contrast 1, 


; 
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Interpolated visual performance curves for 
a 4 minutes, contrast l 


Figure 9 
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Interpolated visual performance curves for 
a 4 minutes, contrast 2. 


Figure 11 
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ered reasonably typical of visual tasks of practical 
interest which are similar to the task required of 
the experimental observers 

It is obviously a simple matter to relate speed 
and accuracy to the quantity of illumination from 
the graphs presented in Figs. 6-11. For any given 
target, we can determine the speed improvement 
for constant accuracy), or the accuracy improve 


ment (for contrast speed), resulting from an in 
crease in B. It is interesting to note that both 
speed and accuracy continue to increase as B is 
increased up to the highest value studied, 100 foot 


lamberts 


CASE II: Non-Uniform Visual Field 


Visual environments are seldom, if ever, as uni 
form in luminance as the environment used in the 
studies of visual performance from which the data 
employed above for the specification of quantity 
of illemination were obtained. Thus, it is highly 
desirable to develop a means of taking account of 
non-uniformity in field luminance. Fortunately, 
extensive studies have been conducted in which the 
effect of non-uniformity of luminance of the visual 
field upon visual performance has been studied 
The loss in performance occasioned by the presence 
of luminance non-uniformities is known as “dis 
ability glare.” 

Moon and Spencer (op. cit.) have provided an 
excellent summary and analysis of the experiments 
These authors have pointed 


on disability glare 


out that disability glare can be understood by 
means of the concept of “veiling luminance.” The 
effects of glare sources may be described as though 
a veiling luminance were added to the visual field 
in the vicinity of the target. This luminance both 
inereases the effective field luminance and decreases 
the effective target contrast just as a superposed 
real luminance would do 

The veiling luminance concept has validity, in 
the author's opinion, only for “glare sources” 
which represent luminance increments to a field of 
otherwise uniform luminance. In this case, the 
veiling iuminance concept has been shown’ to have 
physical significance. The glare sources literally 
contribute a veiling luminance to the center of the 
visual field due to “stray light” within the eyeball 
This veiling luminance both increases the effective 
luminance of the central visual field and decreases 
the contrast of targets appearing in the central 
visual field 

Whether or not the 


disability glare is accepted (and it can searcely be 


“stray light explanation of 


denied for glare sources brighter than the general 


field), all authors agree on the quantitative char 
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acteristics of the effects of disability glare. These 


relations may be written as follows: 
B,=B+B, (3) 


(4) 


where B, = effective field luminance in the pres- 
ence of glare; 
C, = effective target contrast in the pres 


ence of glare; 


and B, = veiling luminance 


Moon and Spencer have presented an empirical 
method of computing B, from information concern- 
ing the luminance, size, and position of glare 
sources in the visual field. This relation may be 
rewritten in ordinary photometric units as follows, 
for the special case where n bright glare sources 
are superposed on a field of otherwise uniform 


luminance : 


— (7, cos § 
96 & 3 ’ 
B, 3.6 10 S 62 on 


T i I 


where G is the luminance of the glare sources; 
6 is the angle between the glare sources 
and the target in radians; 
and @ is the angular area of the glare source in 
steradians. 


Moon and Spencer are apparently willing to em 
ploy the veiling luminance concept for “glare 
sources” consisting of areas darker than the lumi- 
nance of the general field. The author recognizes 
that dark areas probably reduce visual perform- 
ance for one reason or another, but does not agree 
that the veiling luminance concept can be applied 
to glare sources darker than the general field. 

It should also be pointed out that the data upon 
which the veiling luminance concept is based were 
cbtained in experiments in which the observers 
were required to maintain their fixation with re- 


spect to the glare sources. Such stability of fixa- 


tion seldom, if ever, occurs in practical use of the 
eyes. Thus, the value of B, must be a constantly 
changing quantity, dependent upon the momentary 
position of the eye with respect to the glare sources. 
There is, of course, no experimental proof that the 
veiling luminance concept applies when the eyes 
are moving with respect to the glare sources. Ef- 
feets due to transient changes in the adaptation of 
the visual system could occur which would not con- 
form to the quantitative statement of the effects of 
disability glare. However, the author believes the 
disability glare concept has sufficient value so thit 
it may be used as an approximation in describing 
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the effects of bright glare sources upon visual per 
formance, 

We may now describe a method for evaluating 
the effects of non-uniformity of field luminance 
upon visual performance, utilizing the veiling lumi 
nance concept. Since every visual field possesses a 
unique collection of glare sources, it will be desir 
able to develop a general method readily applicable 
to any particular pattern of field non-uniformity 
This method is based upon the effect of a given 
veiling luminance, B,, without regard to the par 
ticular collection of glare sources which produced 
the disability glare effect 

The method may be illustrated by reference to 
Fig. 12. Here we have presented the relation be 
tween C and B for 2 
The curve represents the relation between C and B 


1 minute, and ¢ 1 second 


for a field of uniform luminance. This curve is a 
reproduction of the uppermost curve in Fig. 4 
The label, B, 0, refers to the fact that there is 
no veiling luminance produced by glare sources 
We want to construct a curve representing the 
relation between C and B in the presence of a veil- 
This 
procedure is simplified by considering B, to be 
constant with respect to B, for all values of B. The 


ing luminance produced by glare sources 


physical significance of this relation would be that 
the luminance of all elements of the visual field 
increase or decrease proportionally together 

For simplicity, consider first the case where B 
is assumed to equal B. Then, from equations (3) 


and (4 
B.=2B3B 


Log B, Log B 4 


C, 50C 


Log C. = Log C — 80 
We may use the relations given in Equations (6 
and (7) to construct a visual performance curve 
relating C and B in the presence of disability 
glare. Consider the point on the curve in Fig. 12 


labeled A 
nance of 1 footlambert 


This represents a value of field lumi 
The value of C, 


56. represents the target contrast required for 50 


equal to 


per cent accuracy of detection for l-second expo 
sure duration. Now, the presence of disability glare 
increases the effective value of field luminance from 
B to B, 


nance were the only effect of disability glare, there 


If this inerease in the effective field lumi 


would obviously be an improvement in visual per 
formance, since it is clear from Fig. 12 that the 
contrast required for detection decreases continu 
ously as B increases. Our method proceeds by 
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Figure 12. Demonstration of the calculation of visual 
performance data in the presence of disability glare 


moving down the curve in Fig. 12 to the point A’ 
At the point A, 
B,. The location of point A’ 


quired target contrast has decreased from .56 to 42 


we have field luminance equal to 


signifies that the re 


as field luminance has increased from B to B, 
Unfortunately, however, disability glare not only 
increases field luminance, but it also decreases 
target contrast, This means that we must increase 
target contrast in the presence of disability glare 
so that, when reduced by glare, there will remain 
sufficient contrast. We proceed next to the point 
A”. This 
required to produce the value of contrast, C,, re 
Now, finally 


Hlere we have referred 


point represents the target contrast 
quired at the effective luminance, B, 
we proceed to the point A” 
the real contrast required to produce the effective 
contrast (required at the effective field luminance ) 
to the real field luminance value. Thus, the point 
1” is to be compared directly with the point A to 


evaluate the net effect of a veiling luminance, B, 


equal to B, where in this example B 1 footlam 
bert. Since A” 


than A, this means that the net effect of veiling 


represents a larger contrast value 
luminance was to increase the target contrast re 
quired for fixed accuracy at a fixed target exposure 
duration 

An entirely similar procedure was followed at 
two other values of field luminance. First, the pro 
cedure was followed at field luminance of .01 foot 


the svmbols B, RB’, RB” and 


B’’ were used, with the primes having meanings 


lambert. In this case 
analogous to those used with the A symbols. Ws 
note that B”’ is almost identical with B 
plies that the net effect of disabilits 
Finally, the procedure was followed at field 


luminance of 10 footlamberts. In this case, the 


This im 
glare was very 


small 
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symbols C, C’, C”, and C’” were used. In this case, 


then, C"" is a great deal larger than C 

It is possible, of course, to follow this procedure 
for all points on the curve in Fig. 12, in order to 
generate a new curve representing the locus of all 
values obtained by this procedure. Such a curve 
would represent the relations between real target 
contrast and real field luminance, in the presence 
of veiling luminance of fixed amount relative to 
field luminance 


13 for RB, 


Such curves are presented in Fig 
9B, B, B, and B, 2B 


These curves all demonstrate one interesting 
relationship between disability glare and field lumi- 
nance. The increase in required target contrast, 
due to the deleterious effect of disability glare, is 
increasingly large as field luminance is increased, 
when B, is fixed with respect to B. This means 
that in a given lighting installation, as the lumi 
nance of every element is increased proportionally, 
To the 


best knowledge of the author, this relationship has 


the effect of disability glare is increased 
never been studied experimentally. This relation 
confirms the wide-spread opinion that uniformity 
of field luminance is increasingly important, the 
higher the value of B 

It should be pointed out that the values of B 
plotted in Fig 


13 are quite large. There are few 


modern lighting installations in which B, is as 
great as 2B. However, values of B, as large as 5B 
are often obtained, and values of B, as large as B 


are sometimes obtained 

A conerete example of the values of B, relative 
to B may be in order, since disability glare is not 
usually deseribed in this manner. A lighting in- 
stallation was assumed in which the luminance in 
the vicinity of the target was 10 footlamberts 
Fluorescent fixtures were considered to be located 
at a mean distance of 10 degrees above the line of 
sight. The fixtures were taken to have an average 
luminance of 1500 footlamberts. The angular di- 
mensions were assumed to be 4 by 28 degrees. 
Using Equation (5), B, was computed to be 5.0 
footlamberts, Obviously, this example represents 
the case where B, 5B (as indeed it was selected 
to It is recommended that the illuminating engi- 
neer compute values of B, relative to B in various 
real lighting installations in order to obtain a 
conception of the meaning of various values of B, 
relative to B 

Once we have curves relating C and B for a 
given B,/B ratio, we can proceed to evaluate the 
effect of the quantity of non-uniform field lumi- 
nance upon the speed and accuracy of visual per- 
formance. Curves analogous to those of Fig. 5 can 
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Figure 13. Interpolated curves representing various 
degrees of disability glare. 


be constructed for different values of 2 and differ- 
ent B,/B ratios. Then, interpolations can be made, 
4s before, to relate speed and B for each of several 
accuracy levels. (If other values of 2 are of inter- 
est, curves analogous to those in Fig. 4 are first 
interpolated from curves analogous to Fig. 2. Then 
3, curves are constructed as in Fig. 12.) 

Curves relating speed and accuracy to the quan- 
tity of non-uniform-field luminance have been con- 
structed for the case where B, 5B, for targets 
varying in 2 from 1 to 4, and varying in contrast 
from .2 to 1. The results are presented in Figs. 
14-19, representing the same values of target size 
and contrast presented in Figs. 6-11. It is apparent 
that, as before, speed and accuracy continue to in- 
crease with increase in the quantity of illumination 


up to the highest value which can be studied. 
Comparative Evaluation of 
Quantity and Quality 


One of the most important problems related to 
the specification of illumination concerns our per- 


petual inability to evaluate the relative significance 
of quantity and quality of illumination. It is gen- 
erally agreed that: (a) with “adequate quality,” 
the higher the level of illumination, the better the 


visual performance; and (b) poor quality of illu 
mination will reduce visual performance at any 
level of illumination. Unfortunately, in most light- 
ing installations, quantity and quality of illumi- 
nation are interrelated. For example, it is often 
necessary to introduce high luminance sources into 
the visual field (poor quality) in order to obtain 
high levels of illumination (good quantity). We 
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Pigure 14. Interpolated visual performance curves for Figure 15. Interpolated visual performance curves 
a 1 minute, contrast 1. a 2 minutes, contrast 1. 
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Figure 16. Interpolated visual performance curves for Figure 17. Interpolated visual performance curves for 
a 2 minutes, contrast 6. a 4 minutes, contrast 1, 
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Figure 18. Interpolated visual performance curves for Figure 19. Interpolated visual performance curves 
a 4 minutes, contrast 6 a 4 minutes, contrast 2 


&. 


JUNE 1955 Quality and Quantity of Illumination— Blackwell 





are thus faced with the question: If quantity oi 
illumination is increased by amount X, and quality 
reduced by 


of illumination is correspondingly 


amount Y. will there be a net gain or loss! 


It should be apparent that the methods of evalu 
ating visual performance described above permit 
us to evaluate quantity and quality of illumination 
We have only to compare per 
Oand B 5B 
whether an increase in B which in 
5B re 


It is believed that this feature of 


in the same terms 
formance in paired graphs for B, 
fo ascertain 
creases B sults in a net 


from 0 to gain or 


loss the present 
method will have considerable value in the specifi 
cation of illumination 

\n example of this use of the graphs will be 
appropriate here, Consider a target with «a I 
and © ] 
field luminanee only as great as 10 footlamberts 
\t thos 
lor 99 per cent accuracy, 


Now 
to 60 footlamberts, but in doing so, we 


minute Suppose we can obtain uniform 
field luminance level, speed is given as 8.9 
or 22.4 for 50 per cent 
accuracs suppose we increase the field lumi 
intro 

5B 
Under these circumstances, speed is 10.5 for 99 per 
30.2 for 50 
Revardless of our criterion, we have improved per 


the field 


Suppose, however, we 


duce non-uniformity to the extent that B 


accuracy. 


eent accuracy, or per cent 


formance with increase in luminance tm 
spite of the loss in quality 
had only increased field luminance to 30 footlam- 
berts before non-uniformity was introduced to the 
extent that B, 5B 
speed is given as 8.0 for 99 per cent accuracy, or 
22.9 for 


there to be a net gain if higher speed and lower 


Under these circumstances, 


50 per cent accuracy. Here we consider 
accuracy are required, or a net loss if lower speed 


and higher accuracy are required 

It might be remarked that it is just this kind of 
difference in conclusion, depending upon the im 
as performance 


portance of speed and accuracy 


criteria, which has always led the author to advo 
cate treating these criteria separately. An analysis 
in which speed and accuracy are pooled would have 
ealed the 


re sults 


com this difference in interpretation of 


Comparison of These Methods 
With Weston’s Data 


It seems desirable to compare the results of the 
methods developed here with illumination specifi 
the 


(op ot.) 


based well known 
Weston The 


leeted for comparison were obtained in the “First 


cations performance 


data of 


Weston data se 


Investigation” reported in the 1945 paper. In these 


experiments, the observers cancelled breaks in Lan 


dolt broken rings, which appeared as dark targets 
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on a brighter field. Both speed and accuracy were 
studied as a function of field luminance. Perform- 
ance was rated as the product of speed and accu- 
racy indices. Data are available for targets with 


7 1, 3, and 6 minutes, where these measures refer 
to the angular size of the breaks in the rings. Data 
were selected for a 1 and contrast 91, this 
being the contrast value closest to 1. 

It is to be noted that Weston’s definition of con 
trast differs from that presented in Equations (1 


and (2). Weston defines contrast as follows 
a. — Be 
" 
Ba 
where Be is the luminance of target or field, which- 
ever is greater; 
and B, is the luminance of target or field, which- 


ever is less 


For targets darker than the field, Weston’s defini- 
tion is equivalent to the for 
brighter than the field, the definitions differ. In 
the present case, then, we may compare contrasts 


author's: targets 


directly in the two studies. 

In order to render our data comparable with 
Weston’s data, speed and accuracy values were 
multiplied and the product was designated per- 
formance. (The quantity has the units of inverse- 
seconds-per cent, which is a monstrosity.) Values 
of log performance are plotted against log B in 
Fig. 20. It is to be noted that the values of per- 
formance are not equal at the same value of B for 
different levels of accuracy. There is, of course, no 
reason to expect them to be equal. It is just this 
lack of precise meaning of the product of speed 
and accuracy indices which makes the joint index 


undesirable. For comparison, Weston’s raw per- 
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Figure 20. Comparison of performance data from the 
present paper with Weston’s performance data. 
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Values of B 


were computed from Weston’s illumination data, 


formance data are plotted in Fig. 20 


and the recorded reflectance of the paper which 
Weston’s values of 
10.000 to 


served as target background 
performance have been multiplied by 
bring them to a convenient position on the graph 
It is apparent that Weston’s performance data 
do not show as great a variation with field lumi 
nance as do our data, expressed in terms of per 
formance. This difference is believed due to time 
loss involved in scanning the Landolt rings which 
occurred in Weston’s experiment. This time loss 
may be expected to change very little as a function 


of B. 


formance in the static situation of our experiments 


Thus, the change in speed of visual per 


as a function of B is masked in Weston’s data by a 
large fixed time-loss, common to all values of B 
The “action time” determination Weston used to 
eliminate the time required for motor performance 
of the task does not eliminate the effect of time 
lost in search, because the red rings used in the 
action-time determination did not have to be 
scanned to see if they contained breaks 

It is important to understand the basis of differ 
ences between various methods used to specify illu 
mination so that the most appropriate method may 
always be employed. Weston’s data do apparently 
include a scan-time factor, the relevance of which 


will vary with applications to be made of the data 


Comparison of These Methods with the 
Delos Method of Moon and Spencer 


It may surprise the reader to learn how simply 
the present methods may be compared with the 
Delos method proposed by Moon and Spencer for 
the specification of illumination. Here we will free 
the Delos method from the analytical form and 
special terminology in which it is usually phrased, 
and reveal it as a very simple concept which ap 
pears to have little or no relation to visual per 
formance as the term is used by the illuminating 
engineer 

Consider the graphs presented in Fig. 21. The 
solid curve is the plot, by now familiar, of the 
relation between C and B for 2 1 minute and 
/ 1 second. for 50 per cent accuracy Now, the 
Delos concept may be explained very simply in 
At the larger values of B, the 


value of C tends to reach a lower asymptote. This 


terms of this curve 
asymptote has been indicated by the solid horizon 
The extent to which C at any value of B 


exceeds this asymptotic value of C is considered by 


tal line 


Moon and Spencer to be a reduction in visual “per 


formance.” Delos is defined in this case as the 
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Figure 21. Comparison of performance data from the 
present paper with D, a quantity related to Delos. 


asypmtotic value of C divided by the value of C at 
any value of B of interest 
We may 


simple relation to Delos 


define a quantity, D), which bears a 
This quantity is merely 
the value of log C at a value of B of interest minus 
the asymptotic value of log C Obviously Delos 
l/antilog D 


in relating our method to the Delos method; this 


The quantity D is convenient to use 


quantity can be converted into values of Delos, if 
In Fig. 21, D is specified for B equal to 1 


From this value of D we may com 


desired 
footlambert 
pute Delos, which is intended to measure the effec 
tiveness of visual performance at B equal to 1 foot 
lambert 

Fig. 21 contains, in addition to the eurve for 50 
per cent accuracy, a curve relating C and B for 99 
per cent accuracy. Since as indicated above, the 
relation between the two accuracy levels is constant 
for all values of B, the curves are identical in form 
being merely displaced on the seale of log C with 
respect to each other. Note the dashed horizontal 
value of log C for 
the 99 per cent accuracy curve. The value of D is 
specified at B As befor 
the value of D is intended to evaluate visual per 
formance at B 1 footlambert 

It is shown in Fig. 21 that the values of D are 


line indicating the asymptotic 


] footlambe rt as before 


identical for the curves representing the two levels 
of accuracy. This identity depends on the fact that 
This implies that the 


This identity of the 


the two curves are parallel 
values of Delos are identical 
value of Delos points to the irrelevance of thi 


index to visual performanes Ilere we conclude 
that the Delos for B ] footlambe« rt is the same 


whether performance accuracy 1s 50 or 99 per cent 
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Figure 22. Comparison of performance data from the 
present paper with D, a quantity related to Delos. 


Fig. 22 is presented to show the relation between 


Delos and speed of performance. The lower curve 
in Fig. 22 is the eurve for 50 per cent accuracy 


The value of D at B 1 foot 


lambert here is, of course, the same as it was for 


presented in Fig. 21 
0 per cent accuracy in Fig. 21. The upper curve 
in Fig. 22 represents exposure duration of 1/1000 
second. Here D is again specified at B 1 foot 
lambert. The two curves in Fig. 22 are not parallel 
hence the two values of D are not equivalent 
Values of Delos are .28 for t 
for t 1/1000 second 


does vary as a function of target exposure the vari- 


1 second, and .19 
Now, even though Delos 


ation is very small when we consider that what we 
have called speed varied by one thousand to one 

It should be apparent from examination of Figs. 
21 and 22 that Delos bears a very indirect relation 
to the usual criteria of visual performance, speed 
and accuracy. For this reason it is the author's 
opinion that Delos has little relevance to the specifi 
eation of illumination in terms of visual perform 
ance 

Delos really refers to visual “performance” in 
an entirely theoretical sense. Either photochemical 
or neural theories of vision assumes that at high 
values of B all foveal receptive units are being 
used to their fullest capacity. This “maximum 
performance” is revealed by the fact that the small 
est possible visual angles and contrasts can be dis 
eriminated at high values of B. At lower values of 
B, the receptive units are used at less than their 
maximum capacity. This loss in “performance” is 
revealed by the larger angles and contrasts which 
are required for discrimination at lower values of 
B. lt apparently seems reasonable to Moon and 
Spencer to rate visual “performance” by the maxi- 


mum angle or contrast divided by the obtained 
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angle or contrast; their concept must come from 
the notion of “performance” described here. How- 
ever, it is the author’s contention that this concep- 
tion of “performance” has only theoretical signifi- 
eance and has no direct relevance to performance 
as the term is used by illuminating engineers 

One final relation between our methods and the 
Delos method needs to be demonstrated. Thus far, 
Delos method only as 
When the 


Delos method is applied to the case of non-uniform 


we have considered the 
applied to fields of uniform luminance 


fields, the following approximate relation is given 
by Moon and Spencer: 


B 


Delos (non-uniform) Delos (uniform 


B, 
(9) 


Figure 23 has been constructed to illustrate the 
relations between Delos for the cases of uniform 
and non-uniform field luminance. The lower curve 
is the familiar curve relating € and B for «a | 
minute, tf = 1 second, and 50 per cent accuracy for 
B, = zero. The upper curve is the curve for B, 
5B, constructed as demonstrated in Fig. 12 

Delos is to be evaluated in terms of the asymp- 
totie value of C obtained with a uniform field lumi- 
nance, whether the field luminance is uniform or 
non-uniform. Thus, values of D are specified as 
shown in Fig. 23; where D, refers to the case of 
uniform field luminance; D,, refers to the case of 
a non-uniform field. 

Computation reveals values of Delos equal to .28 
for the uniform and .23 for the non-uniform case 


in Fig. 23. From Equation (9), we predict a value 
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Figure 23. Comparison of performance data from the 
present paper with D, a quantity related to Delos. 
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of Delos equal to .19 for the non-uniform case. This 
may seem like fair agreement. Actually, it should 
be apparent from our construction in Fig. 12 that 
Equation (9) is not adequate. The ratio B/B, 
defines the extent of movement from A to A’, from 
A’ to A”, and from A” to A”. The Delos relation 
in Equation (9) is obviously correct only if C is 
not varying appreciably with respect to B. Then, 
and only then, will the move from A to A™ equal 
the moves from A to A’, A’ to A”, and A” to A” 
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Graduated Levels for an “Open-Type’”’ Bank 


The previous lighting at the First National Bank of 
Joplin, Missouri, had been from continuous rows of 
louvered luminaires. Benjamin Weintraub, Electrical 
Engineer with Bank Building and Equipment Corp. of 
America, St. Louis, in relighting the bank wished to 
remove the “supermarket” look and restore a dignified 
bank atmosphere. 

In the public lobby, 8 ft by 8 ft specially-designed 
cavities, with metal louvers, each contain eight 48-inch 
fluorescent strip lights. At the tellers’ stations, lighting 
is from a combination of 150-watt R-40 flood lamps, re- 
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cessed over each side of each teller’s deal plate, and a 
continuous row of recessed troffers with Alba-Lite dif- 
fusers using three 48-inch fluorescent lamps. 

Since the tellers’ work areas are of the open type, it 
was decided not to have a sharp division of lighting 
levels, but a gradual increase, with emphasis on the teller 
locations. Maintained illumination after eight months in 
service was: In center of lobby (between fixtures), 28 
ft-c; in front of teller stations, 38 ft-c; at tellers’ work 
stations, 55 ft-c. 

Photo: Bank Building and Equipment Corp. 
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FLOWER SHOWS Quite another lighting effect is required for this 

type of display. In common with other installations, however, is the wide 

range of equipment required, all of which may have to be hanled 
hundreds of miles, quickly and safely 
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Anytime, 


SOU Specialty Lighting 





MOVIE LIGHTING — Complete lighting 
equipment for shooting in color is a fre- 
quent assignment for specialized mobile 
lighting. Equipment includes great cranes, 
telescoping motor-driven hoists weighing 
tons, portable 600-ampere d-c generators 
and transformers, and lights in great 
variety of size and type. 


Specialty Lighting—Anytime, Anywhere 
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DISASTER AREAS Following the disastrous fire of General Motors 

Hydramatic Transmission Plant last year, salvage operations went on 

the clock around, for fourteen days and nights. Illumination of the 

dangerous wreckage was an assignment for “specialized lighting” with 
tons of mobile lighting equipment 


During the last decade particularly, there has usually, mobile equipment. Installations may be 
developed a growing demand for specialized illumi for a wide range of purposes from lighting of 
nation of temporary events—displays, motor shows disaster areas to private parties or gigantic show 
sports. This interesting phase of lighting applica Examples of some such assignments are shown here, 
tion has created a new industry within the lighting courtesy of Jack Frost Company, Detroit, nation 
field, calling for a special type of expert and ally-known specialists in this field 


AUTO SHOWS Enhancing the appeal of 
products display, specialized lighting has 
become a major factor in modern mer 
chandising Here, an inverted umbrella 
design of luminous glass panels and high 
light spots, dimmer controlled, provide 
maximum appeal for this 1955 DeSoto 
car. Other displays used ceiling panels, 
wall panels and circular, dome-hidden 
lighting effects. Installations of this kind 
frequently must go beyond the available 
sources of power supply, and may require 
thousands of man-hours to assemble, Power 
supplied for the motor shows exceeded 
2560 amperes at 110 volts 
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The Mercury Vapor Lamp 
As a Circuit Component 


HE MERCURY VAPOR LAMP is one of 
the most peculiar components an electric cir- 
cuit may contain. Not only is its characteris- 
tie dependent upon factors inherent in the lamp 
and its ambient conditions, but it varies also as a 
function of its cire. it conditions 

As a component of an electric circuit, no prop- 
erty whatsoever contributes to the description or 
understanding of the mercury vapor lamp that can 
not be expressed in ohms and seconds. These values 
are derivable from the schematic characteristic of 
the mereury vapor lamp as shown in Fig. 1. There 
are actually five different phases with five different 
characteristics 

(1) The igniting of the are (from zero to E,, 
to Point | 

(2) The stabilization period, comprising 90 to 
about 120 cycles, where the lamp current and are 
voltage follow the curves, denoted by a, until a 
certain stabilization is attained at point 8. 

3) The starting period (from point 8S to point 
0, the operating point at rated current 

(4) The operating phase (close to point 0), 
when the lamp is under normal operation at rated 
current 

(5) The extinguishing period (from point O to 
point F 

The branch O-S’ shows the static characteristic of 
the lamp when operated at currents up te the short 
cireuit eurrent of the lamp ballast. This is the 
only branch where the resistance of the lamp 
reaches positive values 

During any other phase, no matter whether it is 
dynamie or static, the most noticeable feature of 
the mercury vapor lamp is its negative resistance: 

dE 
R, 
dl 

More than in other gaseous discharge lamps such 
as luminescent, fluorescent, or cold cathode tubes, 
this negative resistance is a function of the operat- 
ing conditions. On the other hand, gaseous dis- 
charge lamps share this property of the negative 


resistance, the “falling characteristic” with some 
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other devices, mainly the vacuum tubes. However, 
there are a few very distinctive and discriminating 
factors to be noticed: 

The determining factor in an electronic tube is 
the voltage, while the variation in the voltage of an 
are is caused by the variations of its current. 

Both devices are oscillators: in vacuum tubes, 
oscillations are excited when the negative resistance 
(R,) becomes smaller than the positive resistance 
(R,) of the cireuit, whereas in an arc, the condi- 
tion of self-excitation of oscillations is defined by a 
negative resistance (R,) being greater than the 
positive circuit resistance (R,). 

The mean negative resistance of an electronic 
tube passes the o value, that of an are passes the 
zero value. Therefore, the condition of are stability 
is given by: 


PE 
df? 





Figure 1. Mercury vapor lamp characteristics. 


} — Flickering point 

I — Igniting point 

8 — Point of minimum arc voltage 

© — Operating point, normal 

8 — Operating point at short circuit current 
E — Extinguishing point. 
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Figure 2. Testing circuit for mercury vapor lamp oper- 
ated over standard reactor (8 R). 
T R — Step-up transformer to separate d-c 
current from a-c circuit. 
P ST — Powerstat. 


This is the reason why oscillating circuits using 
electronic tubes are built as parallel resonant cir 
cuits and those using ares by means of series reso 
nant combinations. 

The time factor is negligible in electronic tubes, 
while it is rather crucial in circuits with are tubes. 

The instability of the negative resistance enables 
both kinds of tubes to convert a-c into d-c. This 
property is widely being used in rectifiers, but is 
considered very undesirable in discharge lamps. 
This trait causes a great many troubles to the de 
signer of lamps or ballasts as well as to the mainte- 
nance man in the field. 

Of all phases and conditions of performance un 
doubtedly the heaviest is the rather dynamic period 
of are stabilization. All the other stages of per 
formance are well covered in literature but there is 
elmost no understanding, knowledge, and agree 
ment upon the stabilization act. Sometimes when 
an installation with mereury vapor lamps causes 
trouble, the lamp manufacturer feels the fault lies 
with the ballast manufacturer, while the latter 
claims that his ballasts ensure best performance of 
properly designed lamps. The lamp manufacturer 
feels the high inrush current is responsible for 
lamp failures, while the ballast manufacturers 
argue that the high inrush current is caused by too 
high a rectification rate of the lamp. Both usually 
agree that the direct current as produced during 
the are stabilization saturates the core of the bailast 
and results in high inrush. This explanation is as 
widely agreed upon as it is unsatisfactory 


There is still another misinterpretation of a very 
important occurrence in connection with the stabil 
ization of the are. This is the fact that during this 
period, the lamp current is offset against the zero 
line. The interpretation of this fact can only be 
that direct current is flowing through the lamp 
and its cireuit. Conclusion: the lamp operates as 
a rectifier. This judgment deserves some considera 
tion 

A somewhat symmetrical lamp when operated 
over a somewhat symmetrical ballast rectifies either 
way. This means the rectification occurs in both 
half-cycles. In the ideal case, the resultant of this 
rectification would be zero. Tests performed in a 
circuit as shown in Fig. 2 show a bilateral reetifica 
tion over longer periods of the stabilization phase 
As the conditions are not fulfilled in an ideal way, 
the resultant d-c is the sum of the two half-wave 
direct currents, which are slightly different in size. 

The above-mentioned circuit can be considered as 
a standard circuit provided that the reactor and 
step-up transformer values are agreed upon values 
The tests performed with a standard reactor and a 
reference lamp (135 volts are voltage at 3.2-ampere 


lamp current) delivered the following results 


1) The stabilization period lasts about 60 
eyeles. After that the are voltage drops to its mini 
mum value of about 15 volts 


2) In most of the cases, the rectification is uni 


lateral; this means a distinctive decision in favor of 


one polarity is noticeable (Fig. 3 

3) The direct current is rather constant. Its 
value is slightly below the crest value of the alte: 
nating current Fig. 3 

(4) The voltage across the choke is constant 
throughout the entire stabilization period, Its wav: 
shape is distorted, as can be seen from Fig. 3 

(5) The bilateral rectification and its effect on 
the symmetry of the lamp current is shown in the 
oscillogram (Fig. 4 

These test results justify setting up the following 
theors 


During the stabilization phase, the mercury va 











Figure 3. Lamp current 
(fy ayp) and voltage across 
choke (Voenox,) Of 400- 
watt E-Hl lamp, started 
over standard reactor. 
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Pigure 4. Arc voltage (V ,»,.) 

a —_ and lamp current (/,,.,) of 
PETC TRRORRRORRCOReeeeeeeeeeeeeee es 400-watt E-Hl lamp started 
over standard reactor. The un 


Seeeeceeeeesn 
aS Se eS | 


symmetry of the lamp current 
reflects the unsymmetry in the 
are voltage, not the rectifica- 
tion itself. Bilateral rectifica- 
: Bb : > ~ . 
Bebe. tion can be recognized from 


REUSE the arc voltage, not the lamp 
Abhhhhh hhh ee current 








Sec. [60 Crees ‘el 
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tion between the primary inrush current (or the 
line inrush), the lamp alternating current, and its 
d-c component is as follows: (Fig. 5 
rhe maximum instantaneous current (+, ra? is 
letermined by the fact that no matter how high the 
flux of a coil might be, the iron will be unable to 
more than about 135,000 lines per square 
Actually ‘+h times the cross-sectional area of the core in 
sinusoidal lamp inches. The total peak flux in the core equals the 
‘oss the ar product of the «ross-sectional area of the core and 
the sum of the residual flux density B,,, and twice 
the maximum flux density B,,, The space flux 
lamp eur density Bs then yields as 
tually tie 


FF 


shap 
135.000 
than to the wave of Fig. 6 Bb 
e shape of al eurrent 
the d-e generatio ie choke 
Fig. 7 shows the influence of 
nt and the d-e voltage on the 
and the flux density of the reactor 
current displacement results in a 
negative portion of the hysteresis 
imnereased by the rise in d volt 
falling hysteresis slope is diminished 
ascending d-c voltage. This means that the 
positive a- uunter-EMF of the lamp affects the 
choke impedance inversely in two subsequent half 
cles of the voltage wave. At the same time, the 
hysteresis loop area becomes narrower, resulting in 
diminished hysteresis losses. The coercive force of 
the core is reduced; but the residual density is 


almost the same as it is without d-e excitation 
: Figure 5. Lamp current (/, ,.») and line current (J, ,,,) 


rhe same theory as developed for a reactor ap of 400-watt E-H1 lamp when started over ballast on 110- 
plies to a leakage reacta transformer. The rela volt line 
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where Ag is the effective cross-section of the air- 
core magnetic field within the excited winding 
(Blume 


rent in a coil combination of a total winding length 


The maximum instantaneous inrush cur- 


of h inches and N turns in series will then be: 


ABs ( Bree + 2 Bees 135.000) A A, 


— 
3.2N 3.2N Ag 

This value represents the highest possible peak 
value of the primary (or line) current under the 
most adverse conditions. We cannot think of a 
more adverse condition than the operation of a mer- 
cury vapor lamp with its negative resistance char- 
acteristic. This means that during the are stabiliza- 
tion, the maximum instantaneous current value 
may occur several times before the lamp enters the 
warming-up or actual starting phase. It is notice- 
able that the occurrence of the tremendous crest 
value is not bound to the instant where the lamp 
ballast is being connected to the power supply. In 
some respects, the lamp performance may be com 
pared to a switch opening and closing the second- 
ary winding of the ballast. The time constant of 


the corresponding transient then is either 


Toc = Loo, / Ry 
or Tf, Live / Re 


Actual average values are given in the table of bal 
last and lamp data. The open circuit time constant 
(T.,) is 0.9, 1.3, and 1.7 seconds for the 400-, 700 
and 1000-watt lamp, respectively. The short cirenit 
time constant (7',,) is about 0.2 see. for any of these 
ballasts. The actual time constant of the secondary 
circuit, however, is determined not only by the d-c 
resistance of the circuit, but by the variable a-c 


resistance (R,,) of the ballasting reactance 
Watts 


Ra, 
[? 


and the negative resistance of the lamp as 
dE 
} 
dl 


Therefore, the denominator of the time constant 


consists of three different resistances, two of them 


being variable. Under the assumption that the 


reactive voltage drop V is linearly proportional to 


TABLE I 


Lamp 
Wattage 
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Figure 6. Mercury lamp characteristic (V,, vse. 7, ,, in 
Section A) and wave of lamp voltage (V,, in Section 
C) with pure a-c lamp current (/,,. in Section Ba) and 
with d-c component (/,,,. in Section Bb) in lamp current. 
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Pigure 7. Distortion of the hysteresis loop in the reactor 
during the period of d-c generation by the lamp 


Rated Lamp Data and Empirical Ballast Data 


Ballast 
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the current, the induetivity L may be considered 


to be constant. During the stabilization, the time 
constant then becomes a function of the variable 


stabilization resistance : 


Reser Rae t+ Rae + BR, 


The table shows the maximum R,, resistance. The 


actual values vary from zero to that maximum 


value. The negative lamp resistance varies within 
a range of zero to a maximum value approximately 
equal to the short cireuit stabilization value where 
the voltage drop across the are reaches its minimum 

E win 15 volts 


ance then becomes 15 volts divided by the short 


The maximum negative resist 
circuit or starting current of the lamp. The range 
of the 


computed under the above assumptions is as fol 


variation of the stabilization resistance as 


lows 
Lamp R 

4100-watt E-H1 
700-watt A-H18 
1000-watt A-H12 


atadb 

2.0 to +0.5 ohms 
1.4 to +0.5 ohms 
1.0 to +0.55 ohms 


The negative resistance values signify the surge, 
while the positive values apply to the decay. In 
general, the resistances causing the surge are higher 
than the positive resistance values, resulting in 
surge duration periods being shorter than the dura- 
tion of the decay period 

This shows that the performance of the lamp 
ballast combination is determined by the lamp as 
well as by the ballast and that both of them con- 
tribute to reliable operation. The maximum pri- 
mary inrush current of the ballast is determined 
by ballast design. That maximum instantaneous 
value (ines) is the upper limit of the steepest 
amplitudes occurring during the stabilization. The 
lamp alternating current then is given by the turns 
ratio approximately. The linearity of the trans- 
former together with the variation of the negative 


lamp resistance determine the surge and the decay 
rate of the a-c component of the lamp current. The 
d-e component then cannot be exceeding \/2 times 
the maximum lamp alternating current. 

There are three ways to improve the inrush con- 
ditions 

(1) By 
value (imas) Of the ballast (good linearity, low den- 


limiting the maximum instantaneous 
sity, proper core and coil construction) and the 
variation of the negative lamp resistance (f,). 

(2) By eliminating the d-c component of the 
lamp current (condenser in series with the lamp). 

(3) By compensating the d-e voltage within the 
secondary circuit (producing a compensating volt- 
age of about 15 volts which is about 180 degrees 
out of phase with the lamp current). 


Any of these solutions brings about certain short- 
comings in either economical or technical respect. 
Still the best way to ensure proper performance 
consists in: 

(1) Designing the ballast to low transients, 

(2) Designing the lamp as symmetrically as 
possible and, 

(3) Manufacturing the lamps within are volt- 
age limits closer than from 120 volts to 150 volts 
for a lamp rated at 135 volts. As the are voltage 
varies inversely with the lamp current, the effective 
lamp resistance of an E-H1 or A-H1 400-watt mer- 
eury vapor lamp varies from 33.4 to 42.2 to 52.1 
ohms, when the actual are voltage varies from 120 
to 150 volts. This means the ballast is subject to a 
variation in the load of —21 per cent to +24 per 
cent. It is expected to carry a 13 per cent overload 
in current when operating a low voltage lamp and 
to safely start a lamp with an igniting voltage 
approximately 20 per cent over the value at which 
the are of a lamp with rated values would strike 
These are but a few of the problems in designing a 
ballast which still shall be competitive. 
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INSTALLATION AT BOSTON AND MAINE RAILROAD STATION, LYNN, MASSACHUSETTS. 


Lighting a Railroad Station 


LIGHTING OBJECTIVE: To provide general lighting in a suburban railway station and supplemen 


tary lighting at the ticket window. 


GENERAL INFORMATION: Fig. 2 shows the layout of the area shown above Colors and 


reflectances are as follows: 
ceiling egg shell 70% RF 
walls 
upper cream 0% RF 
lower beige 37% RF 
floor terra cotta 25% RF 
benches oak 0% RF 
counter top light oak 5% RF 


INSTALLATION: General lighting in the waiting room is provided by twenty-three Holophane (No 
9302-4) lighting units, each containing two fluorescent lamps. Three Holophane (9304-4) 
lighting units, each with four fluorescent lamps provide the general lighting in the ticket office 


Supplementary lighting over the ticket counter is provided by three Holophane (No, 9202-4 
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Lighting a Railroad Station (Continued) 
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lighting units, each with three fluorescent lamps. The distance from these units to the ticket 
counter is four feet. All fluorescent lamps are 3500K white, four-foot, bi-pin, preheat starter type. 


Illumination levels are as follows: 


en es 
side of waiting room 25 footeandles 
corners of waiting room 7 footeandles 
kers 
n fle 25 footeandles 


center of waiting room 


entrance 


footeandles 


footeandles 


) footeandles 


main 34 footcandles 

back 24 footeandles 
ticket office 

m desh 74 footcandles 
t ket ¢o te 

customer's side 60 footeandles 

igent's « 83 footcandles 


Brightnesses are as follows 


elling luminaire 
crosswise at 4 0 ft-L 
crosswise at 30 530 ft-L 
lengthwise at 30 930 ft-L 
iling 
etween units 8.2 ft-L 
ear units 30 ft-L 
upper sid 9 ft-L 
end of counter 10.5 ft-L 
front f ounter 3 ft-L 
ench 2.2 ft-L 
wkers s ft-L 
floor 12.2 ft-L 


Lighting data submitted by |. Robert Cornell, jr., Lynn Gas and Electric Company, 
80 Exchange Street, Lynn, Massachusetts as an illustration of good lighting 
practice and to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
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Lighting Education in 
Continental Western Europe 


URING the summer of 1954, the writer de- 
voted nine weeks to a study of lighting 

education in Continental Western Europe, 
having spent the greater share of this time in 
Western Germany, Switzerland, and The Nether 
lands. Arising out of the purely 
aspect of the following brief account, it is hoped 
that the reader whose interest lies primarily in 
lighting education and, in particular, the I.E.S 
United 


on Light 


Lighting Education Committee and the 
States National Committee 4.1.1 (C.LE 
ing Education in Schools, Colleges, and in Profes- 
sional Circles will entertain consideration of educa 
tional procedures indigenous to the European set 


up, which could, perhaps, with some modification 


be employed in effecting a solution to some of our 


problems 

The broad structural units which make for light 
ing education are 

1) Educational Institutions 

(2) Technical organizations and commissions for 
promoting the advancement of any or all of the 
following for the general welfare of society: the 
ory, experimentation, application, utilization, man 
agement, and publication 

(3) Publie Utilities. 

(4) Industry 

For lighting education to be effective, these fa: 
tors must be adequate and properly correlated 
They cannot stand alone, although it is possible 
within certain limitations for one to incorporate the 
functions of another 

Since the greatest overall activity in the lighting 
field in Western Europe today is centered in Ger 
many and in the Netherlands, it may be well to 


review the educational status in Western Germany 


Western Germany 


Educational institutions for the dissemination of 
knowledge pertaining to light and illuminating 
engineering existing during 1953-54 may be classi 
fied as: 

(1) Higher Institutes of Technology (Technische 
Hochschulen 


(2) Technical Schools (Technische Fachschulen 


Aurnor: Professor of Electrical Engineering, University of Michi 


gan, Ann Arbor, Mich 
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Lighting Education in Western E urope 


By W. A. HEDRICH 


The Higher Institutes of Technology are located 
at Karlsruhe, West Berlin, Hanover, Stuttgart, 
and Munich 

There are five others, but they offer essentially 
no work in lighting 

All of these schools offer the usual power and 
communication-electronies options in electrical en 
gineering. Karlsruhe and West-Berlin, however, 
also feature an Illuminating Engineering Option 
in Electrical Engineering, which is implemented in 
The Insti 


tute had its inception at Karlsruhe about 1922, and 


each case through a Lighting Institute 


is today the foremost center in Germany for inten- 
sive theoretical training, testing and research in 


illuminating engineering 


Higher Institutes of Technology 
(Technische Hochschulen ) 
Karlsruhe The cooperation of West-German 
industry with the Lighting Institute at Karlsruhe 
must be emphasized at this point, because the In 
stitute is subsidized mainly by industry and only 
to a small extent by the West-German Government 
A society known as the Hochschulgemeinschaft 
fuer Lichttechnah 


ciation for Lighting 


Manufacturers’ Technical Asso 
consisting of a voluntary 
merger of some 20 to 25 light source and fixture 
manufacturers, provides a yearly stipend for light 
ing instrumentation and research at the Lighting 
Institute. Industry’s support is rewarded by the 
caliber of the Lighting Institute’s output, as the 
standards maintained at Karlsruhe are high 

If a student subseribes to the Illumination Op 
tion, his third and fourth years are predominantly 
devoted to lectures and laboratory work in illumi 
nation and physics. A student electing the power 
option, cannot elect illumination engineering as a 
minor, but may elect courses in lighting as free 
technical electives. Students in the communications 
option can minor in physics, chemistry, power or 
illumination. However, if this work is chosen in 


illumination, considerably more course work is 
required than the power option candidate may 
choose from his free technical elective group. The 
obvious inference is that illumination is of rela 
tively greater importance to a communications 
man interested in lighting than it is to the power 
major having the same interest. Judging from a 
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review of the option requirements, this ean be jus- 
tified only on the basis that the communication 
candidate’s interest be most naturally confined to 
the physics of light sources 

At Karlsruhe a one-year advanced study pro- 
gram in lighting is being contemplated for those 
who have already received their undergraduate 
degree in electrical engineering elsewhere. The 
program is sponsored by industry. Tuition is paid 
for this fifth year of study by industrial lighting 
firms in West-Germany provided the student obli- 
wates himself to become affiliated with a West- 
German manufacturer of light sources or lighting 
equipment over a five-year period following his 
completion of this industry-sponsored training in 
illumination 

Graduate work in illumination at Karlsruhe is 
open to those who have received their undergradu- 
ate degree in the illumination option. In addition 
to recommended lectures on advanced topics in 
mathematics, physics, chemistry and lighting, the 
student is expected to carry on independent experi 
mental research, write a dissertation, and pass both 
oral and written examinations 

A further effort to promote lighting education at 
Karlsruhe in 1953 marked the beginning of a spe 
cial course in lighting for the benefit of instructors 
in electrical engineering and in architecture from 
other engineering schools, This course, initiated 
through the German Illuminating Engineering So- 
ciety, had an enrollment of 24 instructors who met 
ten hours per day for three consecutive days. The 
lectures and consultation services were gratuitously 
given by the regular staff, and transportation ex- 


penses were defrayed by the delegates’ schools. 

Berlin 
West-Berlin, now known as the Technical Univer 
sity of Berlin, likewise has a Lighting Institute 
However, due to the rather extensive demolition 


The Higher Institute of Technology in 


during the second World War, buildings and other 
physical properties of the university are still being 
reconstructed or replaced by new ones. Progress 
has also been retarded by lack of sufficient funds to 
replace buildings, laboratories and equipment 

The options are the same as at Karlsruhe. The 
illumination option requires four lecture courses 
in lighting, three semesters of laboratory work, and 
a course in the design of lighting installations. 
Here as well as at Karlsruhe and at all higher in- 
stitutes of technology a thesis is required of the 
candidate for any undergraduate degree regardless 
of option. It is to be noted that the illumination 
option course work requirement is somewhat less 
extensive than that at Karlsruhe. 


Students in the power and communication op- 
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tions may elect illumination as a free technical 
elective in which they wish to be examined at the 
close of their senior year. 

The Technical University of Berlin has offered 
clementary and advanced lecture and laboratory 
courses in lighting ever since the early years of the 
twentieth century. 
nical electives for physics and electrical engineer- 
ing students in the undergraduate curriculum. It 
is only comparatively recently that this university 
has established and maintained a Lighting Insti- 
tute. Its facilities, although somewhat limited at 
present, provide a sound basis for extended activity 


These courses served as tech- 


in lighting research. 

Hanover — At the Higher Institute of Technol- 
ogy in Hanover there is no illumination option, 
but illumination constitutes a required technical 
elective for electrical engineers and architects. Two 
courses are required of both groups: “Daylighting 
and Artificial Lighting” and “Design of Lighting 
Installations.” The electrical engineers must also 
elect another course in illumination as well as a 
laboratory course in photometry. 

Stuttgart and Munich At Stuttgart and Mu- 
nich the Higher Institutes of Technology offer an 
elective in illumination for students of electrical 
engineering, consisting of lectures covering the 
general field of lighting. There is no illumination 
option at this school. 


The Technical Schools 
(Technische Fachschulen) 

The Technical Schools in Western 
number about 65 of which 30 offer some fundamen- 
tal work in illumination. But this is not in the 
form of a course in illumination proper. The work 
in lighting is self-contained in other courses such 


Germany 


as physics and some electrical engineering subjects. 
One exception is at Bingen on the Rhine where a 
special course in lighting is being given. 


Technical Organizations 

Contributing to Lighting Education in Western 
Germany are the following organizations: 

(1) Illuminating Engineering Society (Licht- 
technische Gesellschaft). This was founded 1912 in 
Berlin, lay dormant during the last World War, 
and was revitalized 1950. It has a total member- 
ship of about 860, of which 300 members are highly- 
trained technical men, 300 are practicing engi- 
neers, and the remainder are sales representatives, 
professors, management personnel, ete. The society 
has eight sections; holds ten meetings per year. It 
embodies five principal committees or commissions. 

(2) The Hochschulgemeinschaft fuer Lichttech- 
nik has already been referred to above. 
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This is an 
With 
headquarters at Wiesbaden, it is founded in the 
interest and for the benefit of the public, and is 


3) Studiengemeinschaft Licht e.V. 


organization promoting the study of light 


financed by leading lamp manufacturers, like 
Osram and Philips, whose purpose is to disseminate 
illuminating engineering knowledge of common 
interest and usefulness through demonstration lee 
tures and publication. It promotes good lighting 
(4 The 


Commission. This is a sub-commission of the Ger 


Illuminating Engineering Standards 


man Standards Commission. The latter, inciden- 
tally, is the only organization of its kind in which 


Eastern Germany has full representation 


Periodicals 

There are a number of very good periodicals in 
West-Germany pertaining to light and illuminating 
engineering covering both theoretical and practical 
phases Some of the more recent textbooks on illu- 
minating engineering provide exceptionally good 
material on the physiological and aesthetic aspects 
The most important current publications include: 
Optics, Journal of 


Journal of Applied 


Illuminating Engineering, 
Physics, Annals of Physics, 
Physics, Color, Electrical Engineering, and The 


Building Trade 


Student Activities 

Student activities in the lighting field are limited 
to occasional inspection trips conducted by the 
various schools. Those majoring in illumination 
are encouraged to acquire practical experience in 
this field during the vacation periods. There are 
no student branches of the Illuminating Engineer 


ing Society under the advisorship of faculty men. 


Industry 

All lamp manufacturers and the leading fixture 
manufacturers maintain their own testing labora 
tories. However, industry subsidizes a testing lab 
oratory at the Lighting Institute at Karlsruhe for 
non-routine tests, experimental research and tests 
on lighting equipment for motor vehicles 

It is principally the degree in which the lighting 
industry cooperates with educational institutions 
that signals intent and purpose to create a real 
market for the prospective illuminating engineer 
This realism must be coexistent between employer 
and employee. The current situation in this field 
throughout Western Germany still reflects a de 
mand for well-trained lighting engineers which the 
present supply cannot meet, but the situation is on 


the mend. The average beginning salary for the 


prospective lighting engineer is the same as that for 


power and electronics men 
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The occupational range for students with some 
training or with specialized training in illumina 
tion is not essentially different from what it is in 
the United 


absorb men in three fields: pure research, develop 


States. Light-source manufacturers 


ment and manufacture, Fixture manufacturers 
place their men in construction, design of lumi 
naires and lighting installations, and with sufficient 
experience they may become consultants. Through 
out the lighting industry, the demand for well 
trained men with creative leadership is greater 


than the schools can supply 


Cooperation Between 
Lighting Engineers and Architects 


The lighting industry in Germany is always 


ready to cooperate with architects. In general the 
initiative is assumed by the lighting engineer. By 
means of a Supplement which accompanies the 
Building Trade periodical, the lighting engineer is 
apprised of building projects quite some time be 
fore actual work is begun, which enables him to 
contact the architects in time to be of service 
When lighting engineers are engaged in planning 
a street-lighting installation, the municipal archi 
tects act in an advisory capacity to ensure that the 
masts to be installed harmonize with the existing 
architecture of the neighborhood. The leading fix 
ture manufacturers provide conferences for the 
express purpose of encouraging members of the 
German Illuminating Engineering Society, archi 
tects, and members of the Electrical Engineering 
Society to acquaint themselves with the latest de 
velopments in fixtures and their applications. The 
Iianover Fair (formerly at Leipzig), an annual 
event, provides opportunity for architects and the 
building trade to examine latest fixture types. The 
number of architects who usually avail themselves 


of this opportunity is gratifying 
Austria 


Lighting education in Austria has been de 


limited by her postwar political and economic 
status. There is no Lighting Institute in Austria 
nor is there any Austrian periodical in the lighting 
field. Reeourse is had to the German monthly 
publication already referred to — JUuminating En 
gineering, (Lichttechnik). The Higher Institute of 
Technology at Vienna offers one lecture course in 
fundamentals of illumination. In the advanced 
trade school group there are nine schools which 
give a one-semester course in elementary lighting 
principles. A relatively small group of architects, 
regardless of whether they are enrolled at the tech 
nical institute at Vienna or engaged in trade school 


work, is required to subscribe to a one-semester 
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course in illumination. Students in electrical engi- 
neering are free to choose illumination as an elec- 
tive. Efforts to raise illumination to the rank of 
a required course for electrical engineering majors 
at Vienna have failed. No illumination laboratory 
work is offered in any of the schools in Austria 
Lack of funds has curtailed progress in this direc- 
tion 


Night-school courses covering elementary work 


in lighting are available for those who are em 
ployed full time in various engineering enterprises 
The Electrical Austria 


helps to stimulate lighting education by providing 


Engineering Society of 
speakers on topics of interest to the lighting engi 


neer. The Industrial Association of Illuminating 
Engineers also promotes activity in this field 

Lack of funds seems to be a decisive obstacle to 
necessary or desirable normal and advanced train 
ing, not only in the lighting field, but quite gener 


ii j | , 
Switzerland 


A questionnaire was submitted to the Swiss Illu- 
minating Engineering Committee for consideration 
of 13 pertinent questions covering the role of light 
ing and illuminating engineering in the Swiss edu 
eational system. Chairmen of the various subcom 
mittees assumed the responsibility of filling out the 
questionnaire 

Apart from the Confederate Higher Institute of 
Technology at Zurich, there are five universities, 
six technical schools and five trade schools. Three 
of the universities are non-technical and thus offer 
nothing in the lighting field 

The Institute of Technology at Zurich has no 
separate division for illuminating engineering, no 
professorship in illuminating engineering, no in 
structors in this field. A two-hour course in con 
sumer electrical installations is offered every winter 
semester and is administered by a consulting elec- 
trical engineer from Zurich, It is a purely elective 
Attendance is low few electrical 


Sinee 1951 


lecture cours 
engineering students, few architects 
the electrical engineering laboratory includes about 
six experiments on light plus an additional four to 
six experiments for those especially interested, The 


laboratory work is principally devoted to the 


physics of light and light sources, involves some 
spectography but no lighting applications 

During the winter semester of 1951-1952 a course 
was given at this school by members of the Swiss 
Illumination Committee. It was conducted as a 
BV Mm pPositiim The leeturers were men well qualified 


in fundamentals and photometry, physiology, quan 


tum theory, light production, street lighting, and 


ealeulation of interior lighting installations. The 
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attendance settled down to about 100 people of 
which 90 per cent were men on technical and sales 
staffs, and the remainder were students. This might 
indicate a belated realization of the relative sig- 
nificance of formal lighting education. The lec- 
tures were supplemented by mimeographed notes 
for the benefit of those enrolled in the course. A 
possible repetition of this course is pending com- 
pletion of preparatory work. 

The Swiss Lllumination Committee has made 
several unsuccessful attempts to convince the gov- 
erning Board of the need for a professorship in 
illuminating engineering. Reasons for the refusal 
include general lack of interest in the lighting field, 
departmental overload, and the impression that 
sufficient attention is devoted to lighting by the 
technical schools throughout the country 

An institute for occupational hygiene at this 
school under the guidance of a medical doctor well 
versed in the physiological aspects of light, pro- 
vides opportunity for engineers and architects to 
light as related to 


discuss the application of 


hygiene. 


Universities 

At the Ecole Polytechnique de l'Université de 
Lausanne there is some small interest in lighting, 
perhaps to the extent to which it is related to ele- 
mentary college physics There are no courses in 
lighting proper 

The University of Bern offers a course in pho- 
tometry as contained in a course in engineering 


physics, 


Technical Colleges 
These colleges, located at Winterthur, Burgdorf, 


Bienne, Fribourg, Geneva and Le Locle set an en- 


trance requirement of from one to three years of 


practical training in electrical work generally ob- 
tained at a trade school. Power and communication 
options are available. The work in lighting, how- 
ever, is quite introductory, and laboratory work is 
limited. The college at Winterthur is probably the 


most progressive in this group. 


Publications 
With the exception of a Handbook on 
Lighting, published 1950, the Swiss periodicals con 


good 


form to the general pattern of including material 
on lighting and illuminating engineering in the 


broader field of electrical engineering. 


Organizations 
There are four principal organizations in Swit- 
zerland that have a bearing on lighting education 
(1) Swiss IUumination Committee (Das Schwei- 
zerische Beleuchtungskomitee). This is the Swiss 
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National Committee of the International Commis 
sion on Illumination 
(2) The Swiss Illuminating Engineering Asso 


Verband 


This was founded anew in 1953 to safeguard the 


ciation (Schweizer Lichttechnischer 
profession 

(3) Lighting Administration Headquarters 
Zentrale fuer Lichtwirtschaft). This was founded 
about 1927 by the lamp industry, the Swiss Power 
Plant 


Installateurs. It is a clearing house for consulta 


Association, and the Association of Swiss 


tion, propaganda and education. It has promoted 
several courses throughout Switzerland in lighting 
installation and offers extension courses at Zurich 
and Winterthur 

Switzerland conducts no independent research 


in the lighting field 


Student Activities 

There are no student branches of the Illuminat 
ing Engineering Society. Student activities are 
limited to occasional inspection trips conducted by 
the various schools. The status in this respect in 


Austria is even less encouraging 


The Netherlands 


The higher educational system in The Nether 
lands is subdivided as follows: Technical Schools 
and Universities 

The technical schools turn out some engineers 
designers and management personnel; the remain 
der of their output is channeled into the technical 
university. The universities, in turn, provide the 
raw material for industrial research, engineers, and 
management of commercial and technical groups 

The training of lighting engineers in The Nether 
lands is achieved mainly at the Philips Gloeilampen 
Fabrieken at Eindhoven. The prospective lighting 
engineer receives both theoretical and practical 
training at this formidable European lighting cen 
ter. Since Philips is the training center for people 
interested in lighting as a career, the advisability 
of clarifying the educational setup in The Nether 
lands is obvious 

People inierested in lighting education come to 
Philips with various educational backgrounds. The 
introductory training prior to entering Philips in 
conjunction with the qualifications and aspirations 
of the applicants determine the nature and extent 
of the training course such applicants will receive 
at the plant. In general there are four groups 
absorbed by Philips 
1) Commercial groups with very little tech 
nical training 

2) Technical groups with perhaps three or four 


years of technical school training 
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3) A group which is interested in training for 
service in the Dutch railways as lighting engineers 

(4) Students from the universities of Delft and 
Utrecht 

Universities in The Netherlands offering some 
lighting education are located at Delft and Utrecht. 
Professor Halbertsma, pioneer of illuminating engi 
neering at Philips, still conducts a lecture course 
at the University of Utrecht for students of physics 
who are interested in special work in lighting 

The Division of 


Technical University of Delft offers some work on 


Electrical Engineering at the 


the physics and physiology of light, light sources, 
and practical lighting methods. The practical work 
is more or less confined to a consideration of the 
possibilities within the realm of daylighting. A 
limited coverage includes lectures on the laws of 


radiation and the lighting art 


Periodicals 

Aside from some eight or ten exceptionally good 
technical books on light and lighting, ineluded in 
the Philips’ Technical Library and written by its 
engineers for practicing engineers and technicians 
as well as for students in higher educational tech 
nical schools, their principal publications are 

(1) Philips’ Guide for the 


neer. 1951, The original edition, published in 1941, 


IVuminating Enai 
was designed principally for the Philips’ illumi 
nating engineering personnel. The 1951 edition, 
improved and supplemented by current practice, is 
available at large 

2 Laght 


This is published monthly by the 
Philips’ Sales Division and presents practical light 
ing installations deve loped by its engineers 

(3 The 
lished in Amsterdam, the International Lighting 


International laghting Review. Pub 


Review presents classical treatment of modern 


lighting installations at home and abroad 


Organizations 


Among the 


promote lighting education, there are 


Dutch organizations that help to 


] The Illuminating Engineering Society 
(2) The Holland Tourist Club 


y. This group co 
operates with the automobile club in organizing 
courses in lighting for city officials and architects 
Among the 


public buildings and streets are foremost 


topics for discussion, the lighting of 


(3) Society for Promotion of Training for Ele 
This society organizes 
lighting A 


satisfactorily com 


trical Contractors courses 


in electrical contracting involving 


seven-year training period 


This is 


pleted, entitles the trainees to a diploma 


considered equivalent to a governmental diploma 


a certification that the holder is authorized to carry 
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an electrical contractor 


brief aceount it Ww impossible to 


on the important role which the lighting 
lighting education abroad. For 

it is not feasible to dwell upon 

e questionnaire submitted to the 

Let if 

h do not 


swiss Illuminating Engineering Committe: 


suffice to mention that those countries wh 


afford the most extensive training and research in 


the higher scholastic treatment of illuminating 


engineering usually provide a more comprehensive 
program for the elementary levels, exemplified by 
trade schools and the lower technical schools 
Advisory assistance from Messrs. A. A. Brainerd, 
President of the U. 8. National Committee, C.I.E.; 
H. Hi. Magdsick, Chairman of Papers Committee, 
(.LE.: C. L. Crouch, Technical Director, 1. E.S.; 
Professor E. M. Strong, Past President of I. E.S.; 
and W. A. Stannard, Director of 1L.E.S. is here 


yratefully acknowledged 





Floodlighting “The Meeting of the Waters” 


The Milles Fountain, named the Meeting of the Waters, 
is the world-famous group of 19 bronze statues, designed 
and cast by Swedish sculptor Carl Milles. Located in 
Aloe Plaza, in St. Louis, the statuary symbolizes the 
meeting of the Missouri and Mississippi Rivers a few 
miles north of the city 

At the time of the design, Mr. Milles did not favor 
the idea of floodlighting the fountain indeed he threw 
mm electrical salesman out of his office when he was 
‘pproached on the subject. But years later, the sculptor 
agreed that lighting the streams of water and the bronze 
statues would increase their beauty and effectiveness 


After studying various methods suggested, Carter 
Lewis, of Union Electric Co. of Missouri, selected a sys 
tem of underwater floodlights, lighting the statuary and 
spray from below, with higher levels on the center groups 
of figures. A total of 96 floodlights, with 400-watt G-50 
lamps, are mounted totally submerged, with beams di- 
rected at the statuary 20 degrees off vertical. 

This installation won second prize for William H. 
Simms, illuminating engineer with Union Electric Co. of 
Missouri, in the St. Louis Section’s contest ior My Most 
Interesting Lighting Job. Electrical contractors were 
the Fremder Electric Co., St. Louis. 
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INSTALLATION IN COLUMBUS, OHIO. 


Soffit Lighting in a Kitchen 


LIGHTING OBJECTIVE: To provide 40 footeandles or more at sink, range and work counter of a 


kitchen. 


GENERAL INFORMATION: The kitchen and breakfast room combined is 10 feet by 16 feet 6 inches 


The wall area of the ell-shaped kitchen work center is 9 feet by 7 feet. The ceiling is 8 feet. The 


reflectances of the light wood cupboards are 44%, the yellow plastic laminate counter 65°, whit 


ceiling 80% and the light gray-green floor 50°7. The wall under the wall cupboard is light yellow 


80%. 


INSTALLATION: A wood soffit is dropped 12 inches from the ceiling along two walls of the kitchen, 


forming an ell. Recessed in the 8-foot soffit are two 25-watt and one 40-watt deluxe warm white 


fluorescent tubes. In the 6-foot soffit are two 25-watt and one 15-watt tubes. The tubes are 


arranged to make a double run over the sink and over most of the range and the adjoining work 
counter. The counter at the corner benefits from the light coming from both directions The 


bottom of the soffit is covered with three sections of frosted glass which rest in the soffit frame 


work. Distance from bottom of tubes to glass is 4 inches 
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Soffit Lighting in a Kitchen (Continued) 
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Illumination measurements taken after 100 hours of operation were : 
Center of Bink 47 footeandles 
Center of Work Counter 46 footceandles 
Center of Rang: i} footeandles 
Horizontal Plane 36” above floor 
Near Counter 47 footeandles 
Near Refrigerator Wall 5 footeandles 
Average 30 footeandles 


In the breakfast area an 18-inch bubble ball in plastic by the Miller Clock Co. is hung from 
the ceiling over the table. In it are two 60-watt lamp bulbs which give 15 footeandles in the 


enter of the table. A small table lamp is placed on a small telephone stand 


Lighting data submitted by Blanche Waggener, Columbus and Southern Ohio Electric 
Company, Columbus, Ohio as an illustration of good lighting practice and to 
aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminatng Engineering Society, 
1860 Broadway, New York 23, N. Y. 








To be successful, restaurants must be attractive, neat and 


appealing. Application of the lighting elements — and 


especially their maintenance —has an important part in this, 


as exemplified by this successful! 


Small Snack Shop 


Rickey ’s Snack Shop in San Diego, Calif., though 
small (only 16 feet by 63 feet) is now accommodat 
ing well over 500 customers a day. Its owners trac 
its success to the lighting, which was planned esp: 
cially to overcome the ever-present problem of 
cafes maintenance. Collection, on lamps and 
louvers, from particles of grease in the air calls for 
constant care of the fixtures but restaurants, 
of all places seldom set up aA maintenance pro 
gram. In Rickey’s, eighteen 4-foot, 3-lamp rapid 
start luminaires, with their Plexiglas covering al 
most flush with the ceiling, are readily restored to 
their original luster with a simple wiping. These 
units are mounted crosswise in the room for a 
psychological increase in room width. For sparkle 
over the stainless steel bar, eleven recessed con 
trolite fixtures have been employed, lamped with 
150-watt incandescent lamps. General illumination 
averages about 70 footeandles. Interior colors are 
of course, of good reflectance values. in light brown. 
light green, with a gray floor and white on the 


9-foot 6-inch ceiling 
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Here and There with IES Members 


Attendance was 115 at the meeting when the Eastern 

Pennsylvania Section conducted ite contest for My Most 

Interesting Lighting Job. Here the winners are shown 

with the contest Chairman, left to right: Frank Heina, 

third prize; Francis BE. Glick, second; Harry Weidman, 
first place winner; and Chairman Paul Kinsey 


Judges and the first place winner in the Ohio Valley Michigan Section Program Chairman Edwin Miller, far 
Section’s MMILJ Contest: left to right are H. K. Flint, right, presents awards to MMILJ winners. From left to 
Judge; C. W. MeFee, Judge; Harold J. Gruber, first prize right are: E. Burton Wolfe, third prize, Mary Taepke, 
winner; and EB. T. Glaser, Judge. second, and first prize winner, Harold Fisher, receiving 

the certificate. 


U. 8. Submarine Base, in New London, 
Conn., was the site of a meeting of the 
Connecticut Section, IES, when the men 
were allowed to make an inspection 
tour of the U.8.8. Trout, one of the last 
submarines commissioned prior to the 
building of the U.S.8. Nautilus. Left 
to right are: Commander Dean Farns- 
worth; BR. O. Mills, Section Chairman; 
C. W. McCormick, Regional Vice-Presi- 
dent; Instructor; and Dr. Sylvester 
Guth, who was guest speaker at the 
evening meeting. Attendance was 87 
at the meeting 
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1.E.S. Council Holds Meeting in meeting March 10, 1955 were dix 


with the following actions taken 


Phoenix, Arizona. Summary of Action —couneit approved the election of Pau 


Fr. Kauffman to the grade of Mer 


A view of the national Coun in officer elec The personnel approved Emeritus of this honor 


nber 


ar 


ition was afforded western members j I Wissoker, Chairman given in } 0 Peo le section ¢ 


April 13, at the Council meeting held at Edward L. Glueck, Fred J. Orman, She this iseus 


the Westward Ho Hotel in Phoen man Halpert, Morton Semel lwo ‘ The name of the Advisory ftoard 


Arizona This was the farthé ‘ nates approved were Bernard | Committee Personnel was changed 
ever ventured by Council. Some rte um T ‘ ve Advisory Board to the President 
western members attended the é d ts scope expanded 

some as proxy officers, as we easte ” 4 Committee on Allied Arta was es 


officers who traveled to Phoenix fi ‘ mat me p ¥ Pye Yys . a lished a General Committee wit 
taining Members as follows: “Ts 


meeting. Those present were scope 
M. Jones, President, presiding Colonia 


p 

> 146 W. Superior St ‘ 

Hartenstein, Vice-President, and p “ tion with technical committees and 
ago : 


Young proxy for M. N. Watermar lee Official Representative: Richard terested local groups.” 


tal 


h 


encourage and assist loca 


it 


‘ 


d 


remier (« competitions in allied arta, in coopera 


President; Kirk M. Reid, General Seere Eaty Manufacturing Co On recommendation of the Executiv: 


St 


tary; J. 8. Walsh and F. C. Winkler 1331 W. Monroe Committee, Couneil approved initiation 


Chicago f il 


Directors; G. B. Buck, II, D. M. Fine) Official Representative ten Troes of a procedure leading to A.8.A 


(. W. MeCormick, J. D. Whitnell prox lle obinson ( proval of the “I.E.8. Guide for Eleetri 


for M. J. Myers, Jr., J. A. Ware proxy det W. Jefferson St cal Measurement of Fluorescent Lam 


Portland Ore 
for G. E Park, L A Hobbs proxy for Official Representative leo | iy an American Standard 


ap 


a , 


B. E. Plowman, Regional Vice-Presi Platt Electric Supp Ime Approval was given to the publication 
the 


dents. Also present were A. D. Hinckley . N Me ; 14th Ave in full in LJ of the Report of 
rtlan lregor 
Executive Secretary: Ruby Redford fic 


ul Representative 


Lighting Design Practice Committes 


Editor; Charles Bell, William Cyr, Mar fosemount Industries ‘ “Caleulating Coefficients of Utilization” 


, 


nar ores 8 
Dansie, Glenn Gaer, Ray Jonas, 00 M = ' 


eal, Qu 
van Jones and Douglas Peck 1 Representative y , ‘ data 
RMGIONAL At 


Im the ibsence of M N 


New Memperrs 


The election of 22 full members f 
LES. was approved, on recommendation 
of the Board of Examiners. The Board 
also reported their election of 121 Asso 
ciate Members and one Student. With 
other changes, total membership is now 


as shown in the tabulation below 


Septem ber 30, April 13, 
1954 1955 
7902 Total Membershiy 2 

4 Members Emeritus 


78 Fellows 
Members 
Associate Members 
Student Menibers 


2 Fellows 


Kirk Reid, General Secretary outlined 
the activities of the Membership Com 
mittee this year, especially the monthly 
statements on current status as compared 
to the past three years at the same per! 
od Mr tuck deseribed a sevatem used 
in the Rocky Mountain Section in which 
all members’ records are coded so 
point out automatically those eligible 


full membership or member emeritus 


a number o ecu Committee, their report was presented b 


etions taken | i C, W. MeCormick, who had presided 


together with appendix and supporting 


Chairman of the Regional Activities 


’ 


at 


Phote courtesy W. A. Cyr, Electrical West 


Appointment of a Committee of Tell COUNCIL MEETING, held in Phoenix, Arizona, April 15, afforded Western 
was approved, for the tally of annua members an opportunity of seeing the 1.E.8. national governing body in action. 
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Here and There 
With IES Members 


Winners in the Oregon Section’s MMILJ Contest are 


to right: second place, 
Reis. Entries were for 


and 


TELE 


Past Chairman Night of the St. Louis Section counted 13 of the 18 former Section 
Chairmen. An attendance of 95 turned out to honor: left to right, J. J. Rhoades, 
‘51/62; Henry Arendes, 48-40; F. P. Walter, "46/47; P. V. Brown, '45-'46; T. P. 
Gleeson, ‘44-45; F. B. Lee, '41-42; Carter Lewis, 1938 (first Chairman): Edwin 
Lauth, "38-30; Edwin Ryan, 42-43; E. L. Ehret, ‘47-48; W. H. Simms, '50-’51; 
L. M. Wallace, Jr., "5253: G. F. Herold, '563-'54. Brooks Chassaing, current 
Chairman, is at the podium. This meeting was held April 12, with B. 8. Benson, 
of Benjamin Electric as guest speaker 


Members of the IES Street ond High 

way Lighting Committee in the Sears 

Roebuck lighted parking lot in Denver. 

The Committee held a two-day Forum 

on Street and Highway Lighting April 
4 and 5. 


Louis Section, 


Chassaing, Chairman of the &t 
presents the first place certificate to E. W. Stohlman, Jr., 
‘Utility Load Dispatching Center,” winner of the Section’s contest for My Most Interesting 
Controlled Visual Environment Lighting Job 


left Brooks 
and, first, Frank H 
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the committee’s meeting earlier in ‘ denes rhtin Forum was reported 

day. Following presentation action v There are now six such Forums. 

taken to aceept the report and its reape« Extension activity in the Montana 

tive recommendations, as follows being considered by officers o 
Eastern New York Chapter was g1 . t Inter Mountain Region 


Section status . 
lv of ways, means and costs was 


El Paso, Texas, members wer 
; d leading to a national 
ferred to the New Mexico ©) 


rhting 
of ightir 


g courses, | 


stead of Southwestern Sectior 
a study 


approval of all parties concernes 
Eduecatior 


Regiona Conference dates 
tions for 1956 were all agre 
Dates and places for thé 19 
ences are currently being worke 
the respective regional groups 
By-laws for New Mexico Chapt ne decision 
Oregon Section were approved meeting 


Formation of a tah Seetio ‘ lune 0 


George Jack, Chairman of the Southern 
Regional, opens proceedings at the Fort 
Harrison Hotel, Clearwater 


Southern Regional Conference Leads Off in Florida; 
Every Section Represented 


The 1955 series of 
gional Conferences was pace } ‘ wir ve | progran 
by the Southern Regio earwate ur? re oughtful Enterta 

M irch 
pace too ith ogra i eon ne fashion show 
twelve valuable papers, plus 
addresses and three open forun ig da on Center 
for juestions ind inswers \ ‘ j ip t larpon Spr 
billing of the high-level speak pr neluded nvheon at Louis 
sented at this conference attrac i repre me reek restaurant rm 


sentation from all of the ele ! ef ns 10m ale itured a boat trip 


and ¢ hapters within the Reg on witl i I ! tion and a tour 


total of 156 registered delegat: " ; s not all. The sac 
uo o " idition tes . ‘ , bad : 2 
recognition |} tr t nalivy £ ™ 4 ele ites und heir . Glenn E Park. Regional Vv P abducens 
emgion to e Bex y ‘ y t 2 : 
Region to tl tion having dex cocktail party ind wate the Conference. Florida Section Chair 
att dane Fo ‘ ourt} ear “ 
attendar For the four on e hotel pool on the f ‘ man Frank Moos at right 


the Southern Regiona 
plaque was carried off by 
Section Seene of the confer 
Fort Harrison Hotel in Ch 
Eight Sections and Chapt 
old entries im the 
Most Interesting 


of this 


national President Dunean M 
Jones of Montrea who was gu 
honor together with Regional Vice Pre 
dent Glenn E. Park. Mr. Jones addr: 


the mecheon session, March 31 


Social PROGRAM 


In addition to the pleasur« irded Question and Answer period was a feature of each session. Shown here: Wally 
by a fore-taste of summer 2 ‘ Weld, Charlie Amick, Gene Beggs, Ed Rambusch and Frank Moos 
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Introduction of National President Duncan 
M Jones 

Introduction of Program Chairman Frank 
Moes, Chairman, Florida Section 

Introduction of Session Chairman James F 
Pletcher, Mid-South Chapter 

Progress Report EE. W Beggs, Westinghouse 
Electric Corp 

RLM Siandards and need for same— Raymond 
Corwin, Benjamin Electric Mfg. Co 

Light Sources present and future 
Amick, General Electric Oo 

Luncheon and Address by Duncan M. Jones, 
National President, 1.0.8 ntreduction by 
Glenn } Park, Southern Regional Vice 


President 


Afternoon Session 
Chairman, G. |! Morris Alabama Chapter 
OF ay Church Lighting Edward Rambusch, Ram 
busch Decorating Co 
Lighting Ourves R. D. Bradley, Day Brite 


Lighting In 


Entrants in the Southern Region's Contest for My Most Interesting Lighting Job 
represented eight Sections and Chapters. First prize winner George C. Schroeder, 
Jr., is at far left 


Floodlighting Wally Weld Revere Electric 
Mfg Co 
Question and Answer 


Cocktail Party 


banquet and dance honoring Parmar. Apa 1 
\ ’ . Ai) 
und Mrs. Jones as the closing 


inyone lingering over the Morning Session 


'runsportation Committee Chairman——Roy EB. Hallman, Palmetto Chapter 


Industrial and Commercial Lighting Hugh 


ty for trips to the grey Nazor. Smitheraft Lighting Division 


golf courses, jai-alai games, Street Lighting W ongmuir. General 
ittractions tric Co, Apparatu 
Question and Answer 
Lancheon and Addre 
PROGRAM President, Pleorida Power Cort 


echnical program pre 


Afternoon Session 
outhern Regional Confer 
Chairman Jin Lowe Tar-Heel Section 
the follo ubjee f 
wing subjects and My Most Interesting Lighting Job Contest 
Lighting Forum All Speakers 


Closing Talk by National President 


= ow HURspAY, Mancn 3 Acknowledgments by Conference Chairman 


Banquet and Awards for lighting Contest 
Morning Session Winners. awards made by National Presi 


' dent 


ert E. Colemen, Jr 
Ping for the National Conference in Natior ther COM MITTEES 
Cleveland is made by Charlies L. Amick e s, Geo Jack, Conference The Conference was under the general 


Conference Chairman, who was also a - —_ - direction of G. N. Jack of Florida See 
‘ erbert 
speaker at the Southern Regional. - a learwates tion, with the following assists 


Glenn FE. Park outhern Regional V-P 
Papers & Progran Frank Moos 
Finance ‘ Dox McCormick 
Publicity & Attendance A. D. Wallace 
Hotel Arrange. & Receptio Barney Best 


Ratertainment & Tran Ray Sirmons 





Reports on the Regional Confer 
ences in the Pacifie Northwest 
Region, at Harrison Hot Springs 
B. C.; in the Canadian Region, 
at Montreal, Que.; and in the 
East Central Region, at Reading, 


Pa, will appear in the July issue 


Snapped at the Southern Regional: |. to r. Edward Rambusch; Frank Moos, of IE 
Chairman Florida Section; Duncan M. Jones, IES President, and George Jack, 
Conference Chairman. 
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A luncheon meeting between the two 
technical sessions on Tuesday, April 5, 
was held with the National Electrical 
Contractors Association and the Inde 
pendent Electrical Contractors Associa 
tion. William G. Darley, Engineer in 
San Antonio presided at this meeting, 
and IES President Duncan Jones gave 


the address 


For THE LADIES 


AND “Orr Dury” DeLeGATEs 


For the ladies, while husbands were 
attending technical sessions, a program 
of social events included a shopping tour 
in Downtown San Antonio, luncheon at 
Casa Rio in the atmosphere of Old Mex 
ico, a sight-seeing tour of the city, and 
i luncheon and style show at the Seven 
Oaks Country Club, Delegates and wives 
Technical session at the Southwestern Regional Conference. joined for the President’s Reception and 

Cocktail Party, which was held the open 
ing evening 
A dinner dane Texas-style, complete 


with barbecue was held Monday eve 


Southwestern Regional Conference a Dead Gall es 
" _ ning a i ear orra “Htertainmen 
Held in San Antonio, Texas consisted of dam ing and a pres ntation 


of typical Latin-American dances and 


songs in costume by local professional 


The Southwestern Regional mf inguished speakers, both local and im 
ence, chronologically the second 7 orted; that the ever-popular Progré talent. Highlight of the evening was th« 
year's series, was second to none n ort, presented by Gene — o presentation by the Alamo Chapter, Con 
quality of technical program, entertai Westinghouse, Bloomfield, was ference hosts, to Mr. Jones of a Texas 
Stetson hat and a cowboy shirt Mrs 


ment and social events, and loca Oo ing and informative; AND that 


With the Alamo Chapter as host, th test for My Most Interesting Jones was presented with a rebozo 


stole from Guatemala 


Conference was held at the Gunter Hotel, Job was won by Messrs. Floyd 


San Antonio, Texas, April through ingto ind Jr., who entered the 


’ oe > ae 
April 5, with a registration of 139 mem oi . an excellent PROGRAM OF PAPERS 


bers and guests. treatment of the MeNay Art Museun After registration, the Conference was 

President Duncan Jones and Mrs. Jones un Antonio opened by M. J. Myers, Regional V-P 
were, of course, the guests of honor 
and upon their arrival were entertained 
at an informal brunch held in the garden 
of the home of T. R. Halsey, Conference 
Chairman, and Mrs. Halsey. Also at the 
luncheon were Floyd A. Covington, Jr., 
Chairman of the Alamo Chapter, and 
Robert G. Turpin, Publicity and Attend 
ance Chairman, with Mrs. Covington and 
Mrs. Turpin. 

A Local Activities meeting, held Sun 
day afternoon, proved of interest to the 
officers, managers and members of the 
Region’s Sections, Chapters and Study 
Clubs. Regional Vice-President M. J 
Myers presided. 

The President’s Reeeption Sunday 
evening, afforded members of the Region 
an opportunity to meet the guests of 
honor, Mr. and Mrs. Jones, as well as 
other out-of Region guests and each 


other 


TECHNICAL PROGRAM 
A complete listing of the technical 
papers presented at the Southwestern VIP's in San Antonio: left to right, Floyd A. Covington, Jr., Chairman of the 
Regional can be found near the end of Alamo Chapter; IES National President Duncan Jones; T. R. Halsey, Chairman 
this report. Suffice it to say here that the of the Southwestern Regional Conference; M. J. Myers, Jr., Southwestern Re 
four well.attended sessions featured dis gional Vice-President 
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Happy group et the President's Reception is composed of Floyd 
A. Covington, Sr., Floyd A. Covington, Jr.. Mrs. Jones, Presi- 
dent Jones and Conference Chairman T. R. Halsey 


Between papers at a technical session, Miss Ruth Pat 
Lighting Engineer at Dallas Power and Light 
Co., chata with President Jones 


terson 


April 4 Afternoon 


April 5 Morning 


Chairman W. E. Short 


April Morning ‘ and heis ' tobbine. Pit 
Pilate Glass Consulting Engineer, Tulsa, Okla 


Chairman, Oil Capitol Chapter 


Architect 
Weidner 


at Lighting 
Hen 
Walther 


At the President's Reception, Hotel Gunter 


Left to right are Mrs 
Jack Faglie, Chairman, Ladies En 


T. BR. Halsey are: Mrs 
tertainment; 


Brunch in the garden of the T. BR. Halsey home 
R. G. Turpin, T. BR. Halsey, President D. M. Jones, Mrs 
Mrs. Floyd A. Covington, Jr., Fioyd Covington, Jr., and Mrs. Jones 
of table belongs to photographer pro tem, R. G 
Attendance Chairman of the Conference 


Empty seat at end Halsey 
Turpin, Publicity and 


rent Intere sf 
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President Jones, and Mrs. T. BR. 
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INTENSITY IN MAIN THOROUGHFARES of Chic 


ground Garage is specified at 22 foot 


fied level 24 hours a day 


ago’s Grant Park Under 
This 
Wattage-Ballasted fluorescent lighting installation delivers 
Solar Light Manufacturing Company 


candles 


cago, is lighting 
Soia Constant electri 
that speci 
Chi 


al installations 


ind Ralph H. B 


contractor 


Sola Constant Wattage Ballasts Light 
World’s Largest Underground Garage 


Chicago’s Grant Park Garage the 
world’s largest underground holds 
2,359 cars on its 787,000 square feet of 
floor space. Since 90% of the cars are 
owner-parked, high quality lighting 
24 hours a day is a safety “must” 


This ultra-modern garage is illumi 
nated by a rapid-start lighting system 
specially designed for operation under 
a wide range of ambient temperatures 
Sola Constant Wattage Ballasts are 
installed in the fixtures to provide de 
pendable lamp operation under this 
severe operating condition. Their pat 
ented constant-wattage circuit, 
these operating efficiencies: 


assures 


LONG LAMP LIFE: Lamp life is inversely 
proportional to the peak/rms ratio of 
the lamp’s current wave shape. Sola 
ballasts’ peak/rms ratio is approxi 
mately 1 118v extremely low 
with good wave shape resulting in 
long lamp life. In any large installa- 


5 @ 


Grant Park Garage, mini 
is important. 


tion like the 
mum lamp maintenance 


CONSTANT LIGHT OUTPUT: Lumen 
output is held constant to within + 2% 
over a primary range of 106-130v 

delivers all the light paid for, regard 


less of line voltage changes up to 20%, 


LONG BALLAST LIFE: Temperature rise 
is low under normal operation. When 
one or both lamps fail, ballast operat 
temperature is reduced, not in 
creased. This yields long ballast life 
by sharply reducing ballast failures 
due to abnormal heat rise. 


ing 


If you manufacture fixtures, or if you 
specify, operate or maintain lighting 
installations, investigate the advan 
tages of a Sola Constant Wattage Bal 
lasted rapid-start system. The same 
efficiency of operation found in the 
Grant Park Garage installation can be 
part of your lighting system 


F-FL-199 


Ballasts; of 


Bulletin 3 
Rapid Start 


discuss 


Write for 
Wattage 
special 


Sales Engineer to 


as this garege 


fixture ms 
John 


describing 


anufacturer J. Livingston & Compan 
Grfhths & Son Construction Co 


urke, lm consulting engineers 


general 


SOLA-BALLASTED TWO-LAMP COVE UNITS 
provide safe illumination for exit and en 


trance ramps. Other specified levels of 
distribution center, 30 


10 foot 


illumination are 
foot and parking area 


candles (average) 


candles 











TROFFER 
thorough 


RECESSED 


main 


CROSS-SECTION OF 
FIXTURES 


shows two-lamp Sola ballas. instal 


(installed in 
fares) 


lation method 


Constant 
a Sola 


such 


standard 


request « call trom U , 
application § problems L R 
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Sheeting of extruded “Lucite” acry! 
le resin lc evoilable in @ voriety of 
deer and translucent colors from 
custom extruders. Extruded trofter 
type ponels of “Lucite” tronsmit 
optimum light without glore 








Lighting as a design element 


Specify extruded Du Pont LUCITE” acrylic resin 
for well-engineered lighting effects 


Extruded ponels of “Lucite” like 
this ore weed for light-diffusing 
ceilings. “Lucite” hes excellent im 
pact strength ond color stability 
ite light tranemission does not de- 


teriorete with time 


Luminous panels and sheeting of “Lucite” can be fabricated in 
an unlimited number of designs of unusual beauty. Panels of 
“Lucite” can be extruded in widths up to 4 feet — and in a variety 
of diffusing, clear and translucent colors. Extruded sheets of 
“Lucite” —flat, formed or corrugated—make unique light-diffusing 
ceilings 

“Lucite” is highly resistant to shattering and weathering. This 
engineering material used in lenses and panels efficiently trans- 
mits light without glare. Fabrication is economical to custom 
specifications. Fixtures of “Lucite” retain their initial uniform 
color and appearance with minimum cleaning 

Write to the E. IL. du Pont de Nemours & Co. (Inc.), Poly- 
chemicals Department, Room 286 Du Pont Building, Wilming- 
ton 98, Delaware, for complete information on extruded “Lucite” 
now available for engineered lighting. 


£6. v.s. par orf 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 














defleeted all 


Liriines 


to Albuquerque 


julpment 
situation 


this nightmare 
a wonderful job, projecting illus 


Afternoon 
published report in 


itions fron the 


April 5 
Ruben K 


Chairman 
Southwestern Gas and Electr ‘ , 
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proper was he 
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Committee Ch 
ter Officers on ! i 
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) " ia CH ’ etings 
‘ ) countering Conferenes 
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irrentiy 


Frank OG Mur 


Gene ‘ 

Finane o j 
Papers ‘ , 

1 ‘ ecre 

‘ hoe whose nterest 

KS had been 

own atreet ghting 

! 


National Council Meeting Feature of 
Inter-Mountain Regional Conference 


western 


ithematics ‘ ere ‘ 
ne MMIL.J 


handled is ionn 


1 reg 
led b 


The far-flung nature o 
the April 13 ‘ ‘ 
} major importan 


ind staff 


ind organize 


This appro 


phasized in 
Members 


Counei 
Phoenix Arizona for the me« y 
western members 

deta 


de legates to the Inter-Mountain Reg 
Conference at the Westward Ho |! 


History-making though it was 
’ , delightfu 
‘ ; 


ing there with 


‘ 
ad jumor 
‘ al contest 
P 


base 
resi 


far from home 
une the iin event 
excelient | 
dent f 
Hobbs, 


conference ‘ 
to Tt j 
y Lowry ind 


western verve. I 
refreshing departures in 
pro definite 
advant ittending 


ing n 


eet. eonsu 


engineer 
discussions deve 
of 


ind 
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the iy 
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ission disclose 
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Rating Bureaus in 
systems Stressed 
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whose know! 


r non «x ‘ 
Photo courtesy Electrical West 


Lighting Fixture and Fire Rating Panel highlighted the excellent technical pro 
Answering questions raised were: 1. to r., F. C. Jones 


gram offered at Phoenix 
H. H. Dinwiddie, L. LeRaine, J. G. Platt, Bevan Jones, Moderator of the session. 
of Current Interest +A 
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Eastern members basked in Arizona climate at every 
opportunity. Shown at coffee break: A. D. Hinckley, J. H 
McCulloch, George Setter, E. C. Dunn. Photographer, also 


an easterner, obviously not accustomed to intense sunshine 


Regional Activities Luncheon, shown at the Arizona Club 

was attended by 18 local and national officers of 1.E.8. and 

headquarters staff. Host for this meeting was the Newbury 
Electric Corp 


TELECAST 


ae eae Soar FN wey. ”_”-”~ 


MMILJ Contest winners were: Charles Bell, proxy for 

Southern Colorado Chapter (third prize); Ferman Bischof 

berger, proxy for Rocky Mountain Section (second); David 
Demaree, Arizona Section, top winner in the Region 


Top speakers on the Inter-Mountain Regional program 
included Prof. Dan Finch, Prof. John Kraehenbueh! and 
William A. Cyr, Associate Editor of Electrical West. 








oe 2 


No visible catches atches 
io conan 

OP i a Me el a ae ee 

opens or closes by simple pressure upwards 

LLL a a a ee Le 

ee ee To remove. door 

ee 

parts 

Ir ovvered units ovuvers hinge from either 
the e smithc aft t offe is side, close by simple pressure upwards, and 

n Ww I r r r i are removed without tools or leose parts 


(Patent 2,559,640 


RECESSED LIGHTING AT ITS BEST (i iRiaeiiememumcona 


ine rows, whether mounted individually 


nm continveuvs rows 


in clean, trim appearance . .. and in mechanics, too! a. 


light leaks 


"Ue Le a ee 

pearance and better efficiency 
Wide selection of shielding media, spot 
boxes, pattern lighting, et« for flexibility 
of design 
Trofers are available with niegral trim 
flange for ula) Mn Meee a ee) 9g 
if required 
Adaptability te today's ceilir 
universal a ee 
{ teday most common 

adaptability t« 

7 Le a eee 


perfectly squoreé 


Complete details are offered on the new Smithcraft 12" wide troffers ] a 
This new Smithcraft Troffer book also gives complete information 

on the new Smithcraft line of 2-4e0t wide troflers — available with 

many types of shielding media and for many different types of ceil 12 
ing construction. 


5) Ps LIGHTING DIVISION. CHELSEA 50. MASS Cnertiai fines teased lighting 
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Banquet honoring President Duncan Jones was a happy highlight of the social program 


Continued fr 


my OA 
® Figs 
ere = eastern Visitors especially og ata eli 
q " 


mate having three per cent humidity and 
perpetual sunshine, indulged themselves 
with this phenomenon at every free mo 
ment. Specially for the ladies, however, 
was a sight-seeing trip across the desert 
to Seottedale, the “Weat’s Most Western 
Town.” This unique community has an 
ordinanee requiring that every building 
be built to the style of the old west, with 
» rather fascinating result. Also part of 
the ladies program was a luncheon with 
style show, the following day. The ladies 
stayed on after lunch for a bridge and 
eanasta party, and a swimming party at 
the lovely outdoor pool of the Westward 


Ho Hotel 


Judges for the MMILJ Contest in close debate: 1. to r.,, Duncan Jones, Leonard A reeeption and cocktail party were 
Hobbs, Stanley Bazant (Teller), John Kraehenbuehl, BE. F. Lowry. Also a judge, held the first evening of the conference: 


but behind the camera, Ruby Redford on the hotel roof-garden involving all 
present The final evening featured a 
banquet honoring President Jones. Dur 
ing the festivities, President 

presented with a 


belt, a gift from the 


For the reeord e 4 re rogram of 
the 1055 Inter-Mounta egional Con 


, 


erence listed below 


General] Session 


April 11 


Representatives from each of the Sections and Chapters of the Inter-Mountain 
Region served as chairmen of the five technical sessions. L. to r.. Marvin Dansie 
Utah Section; Stan Bazant, New Mexico Chapter; Glen B. Gaer, Rocky Mountain 
Section; Ray Jonas, Arizona Section; Charles Bell, Southern Colorado Chapter 
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. . - another advance in mercury lighting from G. E. 


Now 54% more light from 
G-E 400-watt mercury lamp 


New General Electric 
H400-RC]I gives top 
color balance, too 


In another mercury lighting first, General Electric has 
raised the light output of the H400-RC1 mercury lamp 
from 12,300 to 19,000 lumens! This 54% increase in 
efficiency results from using a special fluorescent phos- 
phor as a reflector as well as to improve color balance. 
Its color characteristics are best of any mercury lamp for 
general lighting. Color rendition approximates a mix- 
ture of % filament light and % mercury light. 

The new G-E H400-RC1 mercury lamp has a life rating 
of 6000 hours at 5 or more hours per start. It operates 
on the same equipment as all other 400-watt mercury 


lamps and is interchangeable in most reflectors. 


With its controlled beam, good color, easy mainte- 
nance, and high light output, it is first choice for most 
mercury lighting applications. 

For more information on how this new mercury lamp 
can fit your operation, call your G-E Lamp supplier, or 
write General Electric Company, Lamp Division, Dept. 
482-1E-6, Nela Park, Cleveland 12, Ohio. 





COMPARE NEW G-E RCI WITH OTHER 400-WATT MERCURY TYPES 








NEW RCI VS H400-E1 


@ Light on the work q 
equal or greater in 
most equipment 


@ Adds color balance 


@ Less maintenance 





NEW RCI VS H400-J1 


@ Delivers 10-20% more ; ; 
light on the work in 
most equipment 


@ Has somewhat better 
color balance 


® Lower cost of light 





NEW RCI VS H400-Al 
@ 45% more light on i 


the work in most 


equipment 


@ Has good color 


balance 


@ Lower cost of light 





Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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This control room requires lighting of the 
highest quality, because the secing tasks 
involved in the constant reading of instru- 
ments and keeping of records are complex 
and exacting 


Diffusing panels of PLexictas® acrylic plastic 
are an important part of the carefully engi- 
neered lighting that 
desired resujts. Light is spread evenly across 
The illumi- 


system produces the 
the entire surface of cach diffuser 
nation level is high; surface brightness, and 
brightness ratios throughout the room, are 
low. There is a notable absence of shadows 
and reflected glare 


Canadian distributer: Crystal Glass & Plastics, Lid., 130 
Queen's Quay at Jarvis Street, Toronto, Ontario, Canada 





Where the task is 
use PLEXIGLAS diffusers 


Main control room, Receiving 
Station G, Department of Water 
and Power of the City of Los 
Angeles. White translucent 
diffusers are fire-retardant 
PLEXIGLAS 5009. Panels measure 
2° by 4', cre dimple-patterned. 


exacting —— 


In addition to its superiority in the diffusion 
and transmission of light, PLexiGLas is rigid, 
strong and durable. It has exceptional free- 
dom from discoloration on long exposure to 
fluorescent lamps. Lighting systems incorpo- 
rating PLexictas retain their efficiency and 
new appearance for many years. 


We will be glad to send you details about the 
installation shown above 


ia 


ROHM & HAAS 
COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Kepresemansiors im principe! loregn commis von 
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Technical Session No. 1 
April 11 


Technical Session No. 2 
April 11 


South Pacific Coast Regional Conference 
Host to 250 in Los Angeles 





Conference Statistics 


Technical Session No. 3 
April 12 











Technical Session No. 4 
April 12 
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Photos courtesy W. A. Cyr, Electrical West 


Canadian Consul-General, Mr. Leslie Chance (right) was a 

guest at the Los Angeles banquet, introducing the Society's 

first Canadian President, Duncan M. Jones, shown address 
ing the audience 


Cleveland National Conference is promoted by Edwin 

Blair, left, Chairman of the Southern California Section. 

nd «6©by)6«~Kirk Reid. of Cleveland, holding the banner. 
Cleveland Invites You in ‘5S5.” 


M Sources, led by Kirk Reid, Industrial 
lifornia Lighting under the direction of Ben 
the tenson Floodlighting ed by T H 
Shepherd, and Office Lighting with John 
J Neidhart is pane j ce VMessrs 
Benson, Reid and .endha ere not the 
oniy ap ikers from " away Program 
Chairman Roy . himeelf newly 
transferred from ’ ei had also in 
uded Eastern er H. Salter of 
T.L., New Yo EK. F. Low 
Sylvania und Eugene 
Beggs Bloomfield 
J In nddition 
the Light Sources pans 
presented the Lighting Prog 
is the Opening sessior 
ning All 


gram 


" popular 
meeting wa 


Most Interesting Lighting oO Also 


1 common with other suecessful contests 


this one had beer nder the direetion of 
competent chairma ight from the 
beginning Chairmar oO e Los An 


geies conference was Strahr Los 


es Department o er and Pow 
er Judges m among 


: 


vut-of tov ‘ ten Benson of ten 


min lene ‘ o ‘ Plaines 


linois ene egg Westinghouse, 


tloom fic Lowry. Sy 


Photo courtesy William A. Cyr, Electrical Wen m the 


My Most Interesting Lighting Job Contest entrants snapped at the Conference T PRize 


L. to ©. Harold Strahn, Contest Chairman; Gordon Dovey, Southern California 
Section, first prize; Sydney Furniss of San Diego Chapter, third; F. H. Logan, 
Northern California Section, second place 


tion Gordon 


Ball-Point Pe 
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New! 


THE SCOTT 
by Sylvania 


Solves many school lighting problems 


...at low cost! 


[wrropucine THE scorTt, Sylvania’s leader in an entire 
ly new trend in lighting! Here’s a new low-brightness 
fluorescent fixture with an all-luminous, all-plasti« 
shielding, providing an over-all illumination efficiency 
of 89.8%, 


Combine the efficiency of The Scott with its ease of 
installation and maintenance, and you have a fixture 
that goes a long way toward answering today’s problems 
of rising costs. Check these unique features 


Top Efficiency, Low Brightness — 89.8‘; efficiency 
provides more light with fewer fixtures. Low brightness 
substantially reduces glare and eyestrain 


All-Luminous Appearance—All-plastic shielding 
diffuses comfortable light to all corners of a room 


Exciting Design Advance — Exclusive modern de 
sign, clean lines blend with up-to-date classroom décor 


Lightweight, Rigid Construction— Plastic shield 
ing alleviates critical weight factor, holds straight-line 
characteristics 


For unusual effects, colored lamps may be used. For 
complete specifications and information, write for our 





Hinging Arrange- 
ment. (One-piece 
plasti shue Iding 


Convenient 4 \ 


swings down from 

either side for easy 

maintenance can be 

quickly removed for 

cleaning 
Specify these features . . . specify 

THE SCOTT 

1. One-piece, all-plastic louver shielding 

2. Plastic shielding of high-temperature, de 
staticized polystyrene 

3. Minimum 35° lengthwise and 
wise shielding 

4. Efficiency of 89.8% with an ICI distribu 
tion of 55% up and 45% down 


5. Shielding hinged or removed from either 
wile 


Booklet F-612. You incur no obligation 6. ap “ Pm ar tere gmge r contacts on 

SyLvANIA E.Lecrric Propucts, Inc 7. Channel blanked from 18-gauge cold rolled 
60 Boston St., Salem, Mass teel with longitudinal forming 

8. All painted metal parts subjected to the 


% pate nted #160 Honderite Process after 
o fabrication 


..-fastest growing name in sight aie. 
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THERE’S “1O) : : FOR EVERYONE 


p, , 


AT THE 1955 1.E.S. TECHNICAL CONFERENCE 








CLEVELAND'S 


Monday Nigh Hotel Statler 


1.E.S. FUTURAMA featuring September 12-16 


skits by various sections in 




















a nightclub atmosphere... “* 


Thursday Night 
President's Reception and *-.,, 


Banquet followed by dancing... 


Wednesday Night 


Gala INTERNATIONAL PARTY 

at Nela Park ...dinner served 
buffet style ...entertainment by 
Cleveland's outstanding 
Nationality Groups... 

Come dressed in your favorite Saw at Nela Park 


INFORMATION 
and travel arrangements 
for International Party 


nationality costume. 


It's easy to see that the committees have gone all 
out to make the '55 |.E.S. Technical Conference the 
best ever... a well-rounded technical program 
covering subjects of interest to every member... 
entertainment devised to suit every taste ... and 
a full program of activities arranged for the 
ladies. Decide now not to miss this conference 
week. You'll be glad you decided to come to 
Cleveland in September! 


make your plans, now! 
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Seen at the 


President's Reception 


Statler Hotel 
Los Angeles 


John Neidhart, Roy and Mrs. Jones 


this point veterans of three 


and the Duncan Jones’ 


the 


1.E.8. Regional Conferences) 
(likewise) 


Jerry Whitnell from Phoenix, Arizona 
with Kirk Reid. They 
spectively incoming Regional 
Inter-Mountain and National 
President. 


chats are, re 


V-P for 
Vice 


Gene Beges’ (at Graves 


with 


(Past-President of 


Angeles with 
W. McCormick. He's 
of the North 
Hartford, 


Ben J. Hartman of Los 
Mr. and Mrs. C 
Regional Vice-President 
and from 


Conn 


eastern Region 


Mrs. Graves 


L.E.8.) 
President Duncan M 


and 


Jone 


Wednesday Evening April 13 
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This G-£ development engineer is testing a ballast design for a new flueres- 
cont epplicetion. He's a member of the lerges! ballast development group 


Flora* shows you how ... 


Generai Electric Ballast Design Leadership 


in the industry. The fundamental research which they perform is one 
important reason why G.E. is the leading supplier of fluorescent ballasts. 


Helps You Save Lighting Dollars 


he next time you specify 


General Electric's design leadership 
has contributed greatly to the vast 
fund of knowledge now available 
and being used by the entire ballast 
industry 

A recognized pioneer in ballast 
design, G.E. has led in these im 
portant developments: Tulamp 
lead-lag, certified series 96T12, 
trigger start, rapid start, clamped 
core, plastic sign, and dimming 
ballasts. G.E. emphasizes product 
leadership to provide the best bal 


USER SATISFACTION gets foremost considere- 
tien by G-E belles! development engineers. 
Here @ ballast is being checked to make sure it 
willpre vide optimum light output and lamp life. 


last value to the user. We have 
never resorted to the temptation 
of lowering product quality to gain 
competitive advantage. Instead, 
we furnish only the best ballasts to 
assure economical fluorescent light 
ing. We're convinced there is no 
substitute for satisfactory per 
formance 

To be sure of top quality ballasts 
with the latest design develop 
ments, look to the leader . . . Gen- 
eral Electric! 


Five more reasons why 


eeiaoet for a fluorescent 
lighting installation, make sure 
you get the best specify 
General Electric ballasts. 

A G-E ballast tag or sticker on 
your fixture is proof that it’s 
equipped with the best in ballast 
value. It’s the only way to be cer 
tain. For further information on 
G-E ballasts, write Section 401-15, 
General Electric Co., Schenectady 
5, New York. 


*Miss Pleerescent Ballast, G. E.'s Belles! Mascot 
Copyright 1955, General Electric Company 


GENERAL ELECTRIC IS YOUR BEST BALLAST VALUE 


@ EXCLUSIVE SOUND RATING SYSTEM 


@ SUPERIOR QUALITY CONTROL 
@ LONGER BALLAST LIFE 


@ PRECISE LAMP-MATCHED DESIGN 


@ COMPLETE CUSTOMER SERVICES 


» Quipp 
1 UIPPED 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





South Pacific Coast Regional Banquet was host to 204 at brilliant social event, April 14, Hotel Statler, Los Angeles 
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DEMONSTRATION of the 
Baker new baking device, by George 
Robinson was one of the many contri 
butions to the success of the two-day 
conference of the Maritime 
IES, April 22 and 


Chapter 


mA TE LECAST—Lightin 








ONE HIGHLIGHT of the two-day conference held by the Maritime Chapter, IES, 
a certificate of appreciation to D. J. McCarthy, charter 
Here Joseph Thomas, nominee for Canadian Regional 
McCarthy. Seated at left is T. C. Sargent, 


was the presentation of 
member of the Chapter 
V-P, presents the certificate to Mr 


guest speaker at the meeting. At right is Chapter Chairman E. L. MacElmon 
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JOB: Newton Free Library Addition, Newton, Moss 
ARCHITECT: W. Cornell Appleton & Frank A Stearns, Boston 











ENGINEER, Thompson Engineering Compony, Boston 
ELECTRICAL CONTRACTOR, Norfolk Electric Co , Boston 
AREA, Approximately 2,400 square feet 


FIXTURES: Luminous Lens Panels as follows 
410°.3',° « 8.0" each w/ll-96T12 slimline lamps 
10 2'9 x 8.0" each w/ 3.96712 slimline lamps 


The Torch of Learning S P-ah's #9" cnc o/3.c0M sain one 


WATTS PER SQUARE FOOT: 2.9 approximately 


AVERAGE INTENSITY: On table tops, 75 footcandies in service 
s Average over room, 57 footcandies in service 
0té BRIGHTNESS READINGS; Wolls 045 candle per square inch 
Fioor .019 candle per savare inch. Table top 069 candle 
per saquore inch. Fixture Across lamp oxis, At 45°, 0.72 


with LITECONTROL Lighting 

















Geared for learning, planned for standard fixtures for every conceiv- the right light in the right place with 


seeing ... here's a library where high- able requirement ... and fitting them the right appearance at the least 


level visibility goes hand-in-hand to specific applications for the best cost 
with high 1.Q results. On your next job, call in your 
A custom job? Surely .. . im every- Thus, with LiTECONTROL you get LITECONTROL representative. 


thing but price! 
For LITECONTROL specializes in 
making a comprehensive line of — . ; )--——- : 
is, 
LITECONTIROI @C*42tcv0e7 


KEEP UPKEEP DOWN 


LITECONTROL CORPORATION, 36 Plecsent Street, Watertown 72, Massochusetts 
SCESIGNERS. ENGINEERS ANO MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT OISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 


JUNE 1955 ZUA 
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STREET Lighting Conference, held in Boston, was composed of five weekly ES Represented at 
sessions, March 22 through April 21. Here on opening night are, from left to Engineering Functions 


right: John W. Young, W. P. Lowell, Jr., E. J. Perkins and L. EB. Innis 
Two Officers of IES reeently repre 


sented tl Society at occasions of eng 
neering signif e. Vice-President Mar 
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iis comprised : 
sponsored convocation V ice 
the New presented greetings and 
Lighting to ASME from TES 


eongratulations 
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Lighting Maintenance Contractors 
Hold Second Annual Meeting 


ATTENDING the second annual meeting of the National Association of Lighting 
Maintenance Contractors were 30 men representing 23 companies 


Interest LLt NATING ENGINEERING 
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NOW’ 70% eeICENC! 


a“ series FIXTURES 
Fol 


SCHOOLS, OFFICES & | 
PUBLIC BUILDINGS 
_ = ‘ is 
- >, _ 


Featuring 
@90°% EFFICIENCY 
@ ONE MAN LOUVER INSTALLATION 
@ EXCLUSIVE "VIBRA-LOCK" END SECTION 
@ CONFORMS WITH A.S.A. REQUIREMENTS 
@ PLASTIC OR METAL SIDE PANELS 
@ SIMPLE LOW COST MAINTENANCE 


@ AVAILABLE IN 3 CUTOFFS 
35° — 25°, 35° — 45°, 45° — 45 


@ FLUORESCENT OR SLIMLINE 
4, 6, 8 FOOT UNITS 


There's a colorful NEW CATALOG SHEET with 
complete information about the “N" Series. 
Write for yours today. 


shige 


~~ 


EASTERN FIXTURE CO. 


170 VERNON STREET, BOSTON 20, MASSACHUSETTS 
Phone — connecting ali departments GArrison 7-2205 








LIGHTING CALENDAR 


Society Events October 3-5, 1955 tic Eleetronics Cop 


Jume 10-11, 1955 
October 3-7, . oci ‘ Motion Pie 
t and Televis 78th Semi 
‘ lut Fases 
September 12-16, 1955 


October 3-7, 1955 erican Inatitute of 
t ‘ ngineers General Meeting) 
Industry Events 
October 5-7, 1955 
June 12-15, 1955 — Western Plat Memutestmesn Aa at 
nar nd Er nee : ~ : 
PRESENTATION of awards in the ane 
Ohio Valley Section Architectural Com 
Section June 13-16, 


\ 


petition was made April 19 
Chairman Beattie M. DeLong hands the 
first-place award to student Richard June 13-22, 1955 
Stauffer as Honorable Mentions Philip . - October 17-21, 1955 
Zeigler and Robert Frasca look on sora Nat 
June 20-24, 1955 ~~ ™ 


evelt en ‘ October 24-26, 1955 
Awards Presented in : se Setiena’ G 


Ohio Valley Student Contest June 96-Suly 1, 1955 sn Standards A 


October 30, 1955—-Week of 


June 27-July 1, 1955 \ 


November 1-3, 1955 
August 15-19, 1955 


. O8 955 
September 25-28, 1955 November 2-5, 1955 


November 14-18, 1955 
September 27-29, 1955 f atlos 


October 1, 1955 Tentative [nat te of November 14-18, 1955 
r 4 \ & ‘ . ’ 





Open Letter to 1.E.S. Members 


Electrical Contractors Featured 
In Philadelphia Section 
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the Silicone P ! 


f Joseph F. Miller Divisior j Waterford, N y 
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f Texas Gulf Sales District 


fe ; e Theodore C. Lauck. Gordon E 
William J. Donald, Brown has been named to replace Mr 


of the Delta Sales 
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t Committee. James C rp., Warren, 
‘ ’ / recent appointment 
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ind C. A. Burton, (ieneral Sales Man y rs, i i ‘resident ar 
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1.E.S. National Technical Conferences 


September 12-16 Hotel Statler. Cleveland. Ohio 
September 17-21 Hotel Statler, Boston, Massachusetts 
September 9-13 Biltmore Hotel, Atlanta, Georgia 


August 17 22 Roy al York Hotel. Toronto. Ontario 








TELECAST Lighting Vews of Current Interest 


Milk has been the comy iny’s director 
of government relations since 1947, and 
will continue to serve as head of the 
Government Relations Dept., with head 


quarters in Washington, D. C 


Three new directors were elected by 
shareholders of Jefferson Electric Co., 
it the annual meeting held recently in 
Bellwood, Ill They are Charles L. 
Coughlin, president of the Briggs and 
Stratton Corp.; Otis 8. Mansell, presi 
dent of the Celotex Corp.; and George 
Skakel, president of the Great Lakes 


Carbon Corp 


The appointment of Allan W. Larson 
« saies manager of the lighting divi 
sion of Westinghouse Electrie Corp 
; 


Mr. Larson fills the post recently made 


vacant by the appointment of EB. C. 
Huerkamp is division manager 


Ervin Baker has beer appointed 


manager of rural lighting sales by Sy! 


vania Electric Produeta, Ine., and will 


make his headquarters at the company’s 
Salem, Mass., offices Mr Baker was 
employed until recently as agricultural 
engineer and head of Member Services 
Dept by the Kentucky Association of 


Rural Eleetrie Co-operatives in Louis 


ille, Ky 


Ned Landon ha een named manager 


of publi informatio f General 


relat 


surg, Il 


The appointment of three men te the 
position of senior salesmen for Jeffer 
aon Eleetrie Co tellwood, Ul, has been 
unnounced by the company. Robert H. 
Korman has been promoted to this post 
with headquarters in Indianapolis, ind 

John E. Hazen wil! fill this position in 
Westwood, N. J.; and John G. Stanwood 


has been named senior 


timore, Md 


Sumner Harris has been appointed 
Lighting Division salesman supervisor 
for the Southern Texas area by Syl 
vania Electric Products Ine. Mr. Harris 
has been sules representative n the 


Dallas district iT : i 


Two execut appointments in the 
production and sales organization of 
Liteeraft Manufacturing Corp., New 
York City, have been announced Max 
D. Holzman ani Bert Berend were 
named as General Manager and Metro 
politan District Sales Manager, respec 
tively, for the company. Mr. Holzman 


formerly headed the Specialty Lighting 
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ARCHITECT’S AND ENGINEER'S FACT SHEET 


Photo—Ezra Stoller. Pattern 70 installation at the Monufacturers Trust Company's 
new Fifth Avenve Office in New York. Architects—Skidmore Ow ngs ond Merrill 


CORNING PATTERN No. 70 


Lightweight ... Low-Brightness Lens Panel 


You use Corning Pattern No. 70 
to deliver maximum light in the 
useful zone with lov brightness 
in the glare zone 

A pattern of hexagonal prisms 
on one surface controls the light 
These prisms bend light rays 
downward creating more useful 
illumination. Light in the near 
horizontal angles 1s reduced so 
that surface brightness of the 
panel is low at normal viewing 
angles. 

Result is a _ distribution of 
emitted light in a pattern of even 
illumination on the working sur- 
face. 


ORNING GLASS WORKS 


CORNING, N. Y. 


Coming meanh tedearch Gltetd 


JUNE 1955 


Lightweight—just 1.75 pounds 
to the square foot. You can get 
panels up te 100 inches long— 
for one-piece fixtures that elimin- 
ate dust- and light-leaking seams. 
Water-white crystal, dimension- 
ally stable glass. Won't warp, 
fade, discolor, or show age. Has 
no dust attracting static charge. 
Cleans easily 

Recommended for luminous 
elements, troffers and fixtures in 
schools. banks. offices — where- 
ever you want low brightness. 

For free information about this 
interesting and useful lighting- 


ware, please use the coupon. 


CORNING CLASS WORKS. 68-6 Crystal 


Please send me Bulletin L$-47A 


Lens Panel.” 
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Close-up view of Pattern No. 70, a pris- 
matic crystal lens ponel, You can get Pat 
tern No. 70 in widths up to 34 inches, 
lengths up to 100 inches. 


light leaving fixture ot all angles 


fg . \ is removed 
P 4 . from 
. glare zone 


emerges in uselul zone 





Working diagram. Light enters panel from 
fixture (top) at all angles. Prisms gather 
light, transmit it to useful zone, 


Candle power distribution 
Across axis ~««Thru axis 
Two 40-watt 3500 lamps (4960 lumens) 
White Enamel! Reflector, 80% 8. F, 11" «x 
48” segment. No. 70 Low Brightness Lens 


Panel 


White Reflector and 
Pattern No. 70 Low 
Brightness Lens Panel 


Street, Corning, N 


New Corning Pattern No. 70 Low Brightness 
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John E. Randall, 


Earl H. Keller 
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B. Williams 


MH. Waterbury 
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Lampe for a Brighter America 
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Eye Comfort and Higher Standards 
with New Day-Brite CFI fixtures 


Just seeing isn't enough, even if illuminat 


the big difference, as the above “before and after photo 


comfort that makes 


graph of the same work area clearly shows. 

To assure needed eye comfort for workers—resulting in higher efficiency and 
morale—Day-Brite is offering a new concept in industrial lighting. It is the 
famous Day-Brite CFI fixture so-called because CFI means Comfort For 
Industry This new unit washes out ce iling contu ists, which Can result in nervous 
and muscular fatigue 

There are two CFI units available—the CFI-10 (which provide sa 10 
upward lighting compo 
nent) and the CFI-25 
(which provides a 25% BU2, @ Ga: 3:3 & p> 
upward component They 
are designed to meet any 
seeing requireme nts in in- 
dustry. 

SEE! EXAMINE! COM 
PARE! The safest way to 
assure yourself of selecting the right fixture is to make a point-by-point com 
parison of various fixtures under consideration. Then choose on the basis of 
the evidence. 

y ‘OU AY NT/ i ong experience makes him 
CALL YOUR DAY-BRITE REPRESENTATIVE! Long kes | 


competent to advise you 


on is considered adequate It's eve 


Day-Brite Lighting, Inc., 544 
Bulwer Ave Louts 


DECIOEOLY BETtee 


NN i igs 


L lighting VT 


NATION’S LARGEST MANUFACTURER OF COMMERCIAL & INDUSTRIAL LIGHTING EQUIPMENT 


JUNE 1955 


STA 





An ELEFILAMENT never forgets. 
Do You? 


harman 
cage I 
Shaw a J Sh 
Wahler F b 
Park, Ii 
Student Member 


Starting small, the Elefilament glows and grows 
until he becomes a bulky barrier to effective and 
economical lighting, unless you set a trap for him by 
maintaining good lamps and good lamp care at all 
times. 

By good lamps we mean CHAMPION Lamps, 
made specially to meet the highest standards of in- 


dustrial lighting. 


CHAMPION 


Lam fa 


a 


By good lamp care we mean the simple, effec- 
tive maintenance measures described in the 
Champion Maintenance Manual, copy of which 
is yours for the ashing. 


CHAMPION LAMP WORKS 


306 Lynnway, Lynn, Massachusetts 





In Mississippi, Too... 
The Choice Was L & FP Fixtures! 


These specially made fluorescent fixtures in the Fryling 
Electric Products, Inc. plant (Holly Springs, Miss.) 
prove once again the advantages of L & P fixtures-- 
because they’re designed, engineered and manufactured, 
every step of the way, right in our own plant. 

That’s why, in Mississippi, too -- for extra efficiency at 
no extra cost -- the choice was L & P! 


Light & Power Utilities Corp. 


1035 Firestone Bivd. 
Memphis, Tennessee 
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jhiing engineers, appreciating 
these aesthet values and adding 
a tew practical lactors, have u 
porated a on pnt uitusing ‘ vv 
medium i: any Sunbeam Vision 
aires A miniature-celled ght . 
stable plast translucent 
white louver is available for Sun o 
beams 4 by 4. 2 by 4 and | by 4 . , 
recessed and surface mounted 
units. Acting as « single. remov Wood ' ‘ 
able panei in each type of fixture P 
thia louver provides excellent dif 
ftumon, 45 shielding and high ett 
ciency. A pleasing tex.ura!l quality : Ms 
is added to the luminous surfaces ira . 
' 
of these unite which blends with M 
contemporary ceiling structures " ; 
SUNBEAM — 
i LIGHTING COMPANY 
777 Cast 4th Pi, Los Angeles 21, Calif 
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Sketch sho 
CONTEMPORARY LIGHTING BY Kitegl Fined Boom 
Ellipsoidal Down. 


light unit using 


2 
S L, fixed focus opti- 
, : cal system, pro- 
c/#z liae viding pleasant, 


adequate = illumi- 
nation. 


; ft $ f 
STYLES FOR CHURCHES AND INSTITUTIONS ft h e 9 r e Ss Ss 


Features R-40 Reflector Floods 
Louver Bottoms For Efficiency 
Multiple Circuit Wiring For Flexibility 


Thousands of Designs For Varied Needs 


WRITE ON YOUR LETTERHEAD FOR SPECIAL 
RECOMMENDATIONS AND SKETCHES OR CATALOC |! 


RAIS company 


1810 North Ave., Sheboygan, Wis. 











y counts -- 


nting avallt 


where 9 New, 36 page brochure, A-11-D, contains 
comprehensive architectural and engineer 
ing information on Downlight, Wall Wash 


ers, Picture Lighting and other new and 
MITCHELL different lighting equipment for schools, 

churches, auditorium, public and commer 
the finest in fluorescent cial buildings, homes, etc. Send for your 
for every commerciai, copy, today! 


industrial and institutional 
application... 


WRITE FOR DESCRIPTIVE CATALOGS KLE EGL BROS 


MITCHELL manufacturing co. UNIVERSAL ELECTRIC STAGE LIGHTING CO., I 


SSreresvess end MANUFACTURERS 
2525 N. Clybourn Ave., Chicago 14, Ilinois KLIEGLIGHTS 


sa West seh Street * Wew York 19 WY 


In Canada; Mitchell Mfg. Co., Lid, 19 Waterman Ave., Toronto we Stiee 
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SYLVANIA’S FIXTURE GROWTH 


HAS CREATED THESE OPENINGS!!! 
lo keep pace with present sales and tuture 
expansion plans, Sylvania’s Fluorescent Fixture 
Operation needs men in the following classifi 


cations 


EXPERIENCED APPLICATION ENGINEERS 


Men with lighting application engineering ex 
perience For equipment layouts preparation ot 
technical data on lighting hixtures, and applying 
fluorescent and incandescent lighting to a wide 


variety of seeing tasks 


SALES REPRESENTATIVES 


Sylvania needs sales representatives in variou 
parts of the country to handk the increased ce 
mand for Sylvania Fluorescent Fixtures. Should 
be familiar with lighting applications and lay 
outs, and experienced in contacting architec 


engineers, contractors anal distributors 


DESIGNER 


Man with five years experience in the design of 
heet metal products Must be ible to design 
products for good app rane a% well “as thie 
chanical operation. Must be able to assume in 


dependent design responsibility 


Mail details of age, experience and availablity to 
SYLVANIA ELECTRIC PRODUCTS, INC 
LICHTING DIVISION 


Fluorescent Lighting Fixture Operation, Dept. 39 
WHEELING, W. VA 








WILEY Offers: STARTER TYPE, 
RAPID START AND SLIMLINE 


LIGHTING FIXTURES 


Commercial and Industrial 


Modern, functional designs 
to harmonize with any 


architectural motif. 


Stock fixtures adaptable 


for all lighting layouts 


Units designed for quick, 
easy erection; a minimum 


of “on the job” assembly 
Patented E-Z Servicer 


District Sales Engineers 
available for prompt coop 


eration 


Designed and Com 
pletely manufactured 


by WILEY, plone (LAUD LI etal. 
in Fluorescence since WRITE 


its inception with 

ETL Certified Electri R & WwW WILEY Inc. 

cal Components Dearborn at Bridge Street 
BUFFALO 7, N.Y 


The Most Elaborate Lighting in Television 
ICKERS Magnetic Amplifier Type Dimmers 


Specified 


DEPENDABLE 


NO TUBES OR 
MOVING PARTS 


INHERENTLY STABLE 
GREATER EFFICIENCY 
FAST RESPONSE 


FLEXIBLE LOAD 
CAPACITY 


REMOTE CONTROL 


SPACE SAVING 
EASILY INSTALLED 


WRITE TODAY for 
new lighting control bulletin 








1863 LOCUST STREET 


the Soerry Corporation 


e SAINT LOUIS 3 MISSOURI 





LIGHTING AT ITs ECONOMICAL BEST... 
/STEBER\ FLOODLIGHTS AND 
SEALED BEAM COMPONENTS 


CHROME PLATED 
STEBERLITES 
WITH 
FITTINGS FINISHED 
IN RICH BLACK! 


Lustre—liveliness—sales appeal! 











“a §-5003 


it! The brilliant plated surface 
of the 8-500, richly contrasted 
by deep black weatherproof 
lamp gasket and mounting 
flanges finished in colonial 


black, provides that magic touch 


Chrome plated Steberlites have 


which makes a Steberlite installation outstanding. S-500 Steberlitesare fully 
adjustable, are factory wired and accommodate PAR- 438 and R-40'medium 
base lamps. The mounting flanges provide for easy attac hmentfto wall or 
pole, switch or outlet box—in single, two or three lamp combinations. 


Vw.-200 


—- 


/STEBER\ vaportite Fixtures 








Especially designed for both indoor and outdoor use. Heavy cast alumi- 
num construction resists moisture, salt spray, smoke, non-explosive dust, 
gas and most chemical fumes. Extra thick cork gaskets provided for per- 
fect seal between splice box and fixture and glass globe and fixture cap. 
l'ypes for mounting to outlet box or to vertical or horizontal 42" conduit 
or pipe. Each unit can be furnished with welded wire guard to protect 
globe from breakage. For 100 or 200 watt lamp. 


OPEN AND ENCLOSED 


/STEBER\ Ftoopucuts 


Economical Steber floodlights are avail- 
able in both open and enclosed types for 
lamps from 100 & 1500 watts. Each unit 
has ample wiring compartment (or is 
fully wired with cord and plug), and 
versatile mounting bracket for quick, 
easy installation. Ideal for all industrial, 
commercial and sports areas. 

New Steber Catalog TDS-9 gives com- 
plete details. Write now. 


STEBER MANUFACTURING CO. 








Series 4000 
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NEW RLM SPECIFICATIONS 
BRING YOU BENEFITS 
LIKE THESE: 


New RLM Specifications tor. 
1. ALLWHITE PORCELAIN ENAMEL REFLECTORS - 
(Inside and Qutside) 

2, INCREASED UPWARD LIGHT 

9. MAXIMUM BRIGHTNESS 

4. BETTER SHIELDING ANGLES 

5. HIGHER REFLECTION FACTORS 

& HIGHER LIGHT OUTPUT 

7. CAPTIVE LATCHING and HOLDING DEVICE 

3. GROUNDED BALLAST MOUNTING —~ 

9. CHANNEL DESIGNED for SLIDING HANGER 
10. REVISED LAMP SPACING - 


Vv Greater Brightness Control 

V More Seeing Comfort 

V Less Lamp Glare 

V More Light for the Money 

V Greater Ease of Maintenance 


V Greater Safety from Electrical 
Hazards 





V Easier, Less Costly Installation 


V Less “Trapped” Light 





N 


1}. IMPROVED LAMPHOLDERS 
12. ENTIRE UNIT. RUST<PROOFED 





V Longer Life 


% 
, Vv Easier, Safer Lamp Removal 
and Replacement 
; 
| 
= 


Here’s what these 12 ADVANCEMENTS in the 
NEW RLM SPECIFICATIONS 


mean to you in terms of BETTER INDUSTRIAL LIGHTING 


The better lighting advantages listed 
above, highlight the many benefits that 
are yours as a result of the newly 
established 1955 rtm Specifications for 
incandescent and fluorescent lighting 
units. With the ever-increasing impor- 
tance of the right quality and quantity 
of light for greater efficiency in today’s 
highly competitive industrial produc. 
tion, the selection of the proper lighting 
equipment becomes more important 
than ever. That is why these new 1955 
RLM Specifications are more valuable 
than any set of industrial lighting speci- 


fications published during the RLM 
Standards 35-year history. That is the 
reason, too, why you benefit in more 
ways than ever before when you specifiy 
lighting units certified to carry the RLM 
Label. Today's RLM-labeled incandescent 
and fluorescent lighting equipment is 
made to the latest approved standards 
of illuminating engineering, to assure 
you of getting more light for your money 
now and for years to come. The newly 
added specifications reflect American 
Industry's changing requirements for 


better light. That means not only higher & 
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footcandle levels, but also greater eye 
comfort... through greater brightness 
control. These, and many other advanced 
illuminating engineering principles are 
behind every RLM Label on every RLM- 
certified lighting unit. For a complete 
set of the new RLM Specifications, as 
well as other up-to-date lighting data, 
send for your free copy of the RLM 
Specifications Book 


Address your request to RLM Standards 
Institute, 326 West Madison Street, 
Suite 823, Chicago 6, Lllinois. 








the 
sad case of 
Professor Dunkle 


OR... »-»»- WHO WANTS TO REPLACE HIM? 


Dunkle taught Economics in Room 10 for twenty-six years. 
After five years, he had a definite squint. On his 
twentieth anniversary, he asked boldly for softer lights 


and more of them. But the school was “economizing”. 


Room 10 wore the air of a tomb. Dunkle’s eye trouble 
forced him to draw the blinds against the sun, and the 
lights were so high up they did nothing but shine brightly 


at the ceiling. Students who sometimes awakened saw 


~~" 


only spots before their eyes. 


~ 


- 
* 
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Finally, poor Dunkle had to resign, seven years before 


his time —a victim of poor lighting! 


ae SS ee 


At the last Board meeting, everyone asked—“* WHOM 


can we get to teach in Dunkle’s room?” 


4a 
% 
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. Sig 


They have since discovered the answer: NOBODY! 


HAPPY DAYS IN YOUR 


ST.LOUIS 3, MO. 


TRUSTED name in lichting since ]902 





